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LTHOUGH a very small proportion of extremely large doses (500 to 
2,000 »g) of vitamin B,. can be absorbed, presumably by diffusion, from 
most mucosal surfaces, the sites of absorption of the much smaller amounts 
normally available in the diet have not been defined. In the present study, 
the capability of various segments of the intestine to absorb vitamin By. was 
assessed by means of the urinary excretion test after Co*’-B,. was delivered 
through an intestinal tube. 
The absorption of vitamin B,. may be determined by 3 general methods: 
(1) demonstration of a hematologic response in a patient with pernicious 
anemia in relapse; (2) demonstration of a rise in serum By», or an increased 
urinary exeretion, as measured by microbiologic assay; (3) measurement of 
radioactivity involving stools, urine, or serum, or external monitoring of the 
liver after administration of labeled vitamin B,.. Using 100 ye doses, Monto 
and Rebuck! have demonstrated absorption from the nasal mucosa. Ross and 
his associates? and Reisner and co-workers* have shown that some absorption 
of vitamin B,. may oecur from either the oral or the rectal route, when doses 
of 500 »g or more are given to subjects lacking endogenous intrinsic factor. 
Using a test dose of 0.5 »g, MeIntyre and his associates* found significant 
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urinary recovery of cobalt®°-labeled vitamin B,. after it was introduced directly 
into the jejunum of 2 patients with jejunostomies. Using timed-release cap- 
sules containing 4 pg test doses, Johnson and Berger’ have likewise demon- 
strated significant absorption from the lower small intestine of normal subjects. 


METHODS 


Twenty-one hospitalized subjects were studied as the ‘‘normal’’ group. None had 
achlorhydria, anemia, intestinal malabsorption, or neurologic or renal disease. Seven hos- 
pitalized subjects with Addison’s pernicious anemia in remission were similarly studied. None 
of the patients was seriously ill. 


The following modification of the urinary excretion test®-8 was employed. A test dose 
of 0.5 wg of Co60-B,.* containing 0.25 ue of radioactivity was given to a fasting patient 
either by mouth or through a tube. Simultaneously, 1,000 wg of nonradioactive vitamin 
By was given intramuscularly. All urine was collected for 24 hours, at which time a second 
intramuscular injection of 1,000 wg was given, again followed by collection of the urine 
for the next 24 hours. Four hundred milliliters of each sample was counted in a scintillation 
counter with special shield. Urinary excretion of Co60-B,. was expressed as percentage of 
the administered dose. The range of excretion in normal patients for the two 24-hour collec- 
tions in our laboratory was 7 to 43 per cent. A third 24-hour urinary collection after 1,000 
ug of vitamin B,, was given intramuscularly at 48 hours has failed to yield significant urinary 
radioactivity. In the patients with pernicious anemia, neutralized human gastric juice 
pooled from 3 or 4 normal individuals was added to the test doses indicated in Table III. 
Bifacton see (Organon), an extract of hog’s stomach mucosa, which has intrinsie factor 
activity but contains no vitamin B,.,+ was added to the test dose in other tests. 


Eighteen tests were performed by the rectal route of administration in 14 subjects 
without pernicious anemia. From 0.5 to 3.0 ug of Co60-B,, containing from 0.25 to 3.2 ye 
of radioactivity was instilled through a rectal tube, passed to a level of at least 15 cm. in 
a patient in the knee-chest position. The subject remained in this position for 15 minutes, 
and then in the prone Trendelenburg position for one hour. No subject had a bowel move- 
ment for at least 4 hours thereafter. The ‘‘flushing’’ doses, of 1,000 ug of nonradioactive 
vitamin B,, were given parenterally at 2 and 26 hours after the instillation. The collection 
of urine for 2 consecutive 24-hour periods was accomplished as described above. Gastric 
juice in one test and Bifacton sec in 5 tests was mixed with the test dose. One subject was 
given twelve grams of neomycin on the day preceding the test. Three subjects were given 
250 mg. of tetracycline orally every 6 hours for 4 days before their tests. Tetracycline 
was likewise given to two patients for 6 and 8 days, respectively, at which time the test 
dose was administered with intrinsic factor. One dose was delivered to the transverse 
colon, and one to the cecum, through the intestinal tube described below. Intrinsic factor 
was added to the dose delivered to the transverse colon. 

Intestinal intubation was carried out as follows. A modification of the polyvinyl tube 
described by Blankenhorn and associates? was followed down the small intestine under 
fluoroscopic and roentgenographic control. Using barium sulfate, with contrasting air 
insufflation, the pylorus, duodenojejunal junction, and ileocecal valve were used as primary 
landmarks. The mucosal pattern and the general topography involved were considered as 
secondary landmarks in identifying the location of the tube. Neither the length of tlie 
tube passed, nor the time involved in passage was helpful. If reasonable doubt existed «s 
to the localization, the study was discarded. The effect of barium sulfate on the absorp- 
tion of Co60-B,., when given orally, was tested in two subjects by adding 5) ml. of a 1:1 
barium sulfate suspension to the test dose. The oral urinary excretion test as defined 
above was repeated 5 times at 7-day intervals in 3 subjects without pernicious anemia, One 
subject had 4 tests. 


*Generously supplied by Dr. Nathaniel L. Ritter, Merck & Company, Inc., Rahway, N. J. 
+Kindly supplied by Dr. Kenneth W. Thompson of Organon, Inc., Orange, N. J. 
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RESULTS 


The reproducibility of the urinary excretion test is shown in Table I. 
Although there are too few tests for statistical analysis, a surprising degree 
of consistency was obtained in the same subject. It is also apparent that 
barium sulfate had no inhibitory effect on the absorption of vitamin By. 


TABLE I. REPRODUCIBILITY OF A 2-DAy 


URINARY EXCRETION TEST IN NORMAL SUBJECTS 


PER CENT OF 0.5 


SUBJECT: 

TEST* 1 2 | 3 | 4 
1 39.4 30.4 14.0 13.7 
2 31.6 28.8 9.9 13.2 
3 30.9 29.8 9.7 10.7 
1 30.6 27.2 9.2 8.1 
5 27.8 . 3.0 


*Tests done at 7-day intervals. 
+Fifty milliliters barium sulfate mixed with dose. 


TABLE II. URINARY EXCRETION TEST IN NORMAL SUBJECTS 
PER CENT OF 0.5 C069-By» 
SITE OF DELIVERY OF TEST DOSE: 

SUBJECT AGE | STOMACH | DUODENUM = | JEJUNUM | ILEUM 
G. S. 30 47.7 39.5 
G. 49 24.6 15.6 
H. 46 16.4 25.3 
McC, 41 13.6 30.2 
Q.* 57 9.2* 14.7 
58 13.0* 22.2 
W. E. 60 16.1 26.5 22.8 16.5 
P. 39 22.3 
D. M. S. 42 23.2 
H. B. 66 21.1 Ot 
E. J. BR. 33 21.5 12.3 
R. W. 26 4.7+ 
gE. H. B. 42 18.4t 


*Test No. 5 in Subjects 3 and 4 in Table 1. 
jlleocecal valve visualized. 


TABLE IIT. URINARY EXCRETION TEST IN SUBJECTS WITH PERNICIOUS ANEMIA 
PER CENT OF 0.5 
SITE OF DELIVERY OF TEST DOSE: 
STOMACH STOMACH DUODENUM ILEUM ILEUM 
(TEST DOSE | (TEST DOSE (TEST DOSE | (TEST DOSE | (TEST DOSE 
SUBJECT AGE ALONE) PLUS IL.F.*) PLUS I.F.) ALONE) PLUS I.F.*) 
0 3.6 
2.2 17.6 13.0 
0 6.8 5.7 
0 13.0 0 
0 5.3 4.9 
0 9.7b 6.9b 0 
3.8 12.6 0 15.3 
0 


*.F. = gastric juice, 25 


tion in normal subjects. 


to 100 ml. (except b = Bifacton sec, 30 mg.). 


Table IL shows the results of delivery of vitamin B,». by intestinal intuba- 


As can be seen, the recovery following duodenal 
instillation was significantly greater than in the case of the oral route in 6 
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of 7 subjects. These differences are especially striking when they are com- 
pared to the maximum range of variation found in the reproducibility tests. 
Significant absorption from the jejunum occurred in 3 subjects and from the 
ileum in 3 others. Poor absorption from the ileum was noted in 2 additional 
subjects. 

Seven subjects with pernicious anemia were tested with and without 
intrinsic factor (Table III). Without added intrinsie factor, Co®°-B,. was not 
absorbed from the ileum of two patients. With added intrinsic factor, there 
was significant absorption from the ileum in 6 patients, and from the duodenum 
in one. 

In the 18 tests involving the administration of Co%°-B,. into the colon, no 
absorption could be demonstrated in any ease. These tests included 6 in which 
intrinsie factor was added to the test dose, as well as 6 in which antibiotic 
administration preceded the test dose, given with and without intrinsic factor. 


DISCUSSION 


By the technique described, rectal instillation probably causes spread of 
the test dose to at least the level of the splenic flexure. Truelove,'® by adding 
contrast material to a rectal drip in a supine patient, has radiographically 
demonstrated spread of the solution to the splenic flexure and beyond. Force- 
ful injection through a tube in a patient in the knee-chest position followed 
by the prone Trendelenburg position should, therefore, result in distribution 


of the test dose at least over the descending colon, and probably to the trans- 
verse colon. 


It was evident from roentgenograms that the fluid foreed under pres- 
sure through a narrow bore tube resulted in splattering of the solution over 
many inches of intestine. Thus it is possible that a portion of the Co%-B,, 
instilled into the terminal ileum might immediately splash into the colon. This 
might explain in part the low urinary excretion obtained in two subjects, in 
both of whom the ileocecal valve was visualized within a foot of the tube tip. 

The results indicate that in the normal subject vitamin B,. in doses of 
0.5 wg ean be absorbed from the entire small intestine. Inasmuch as intrinsic 
faetor is secreted only in the stomach" it is presumed that secretion from that 
site is available down to the terminal ileum as a result of peristaltic action. 
Absorption of Co®-B,. from the ileum of subjects with pernicious anemia oc- 
eurred only when intrinsic factor was added to the test dose. Therefore, the 


ileum is capable of absorbing vitamin B,. but only when intrinsic factor is 
present. 


It has been suggested that the process of absorption of vitamin By 
normally takes place relatively high in the small intestine.12 The demonstra- 
tion that the entire small intestine is capable of absorbing vitamin B,. does 
not invalidate this opinion, for under the normal circumstances of diet and 
health, vitamin B,. is probably absorbed primarily in the more proximal 
regions of the intestine. The variability of absorption observed from the ileum 
of normal subjects would appear to be a reflection of either the inconstant 


Volume 50 SITES OF ABSORPTION OF VITAMIN B,, 671 
Number 5 

availability of endogenous intrinsic factor in the ileum, as a result of destruc- 
tion, utilization, or dilution in its transport from the stomach, or the splashing 


effect described previously with an immediate loss into the colon of part of the 
test dose. 


The inability of the colon to absorb vitamin B,., despite exogenous in- 
trinsic factor, suggests that the mucosa of the colon lacks the necessary trans- 
port mechanism. The failure of antimicrobial administration to facilitate 


absorption suggests that bacterial competition or binding in the colon is not 
the explanation. 


The striking enhancement in absorption which occurred in 6 of 7 subjects 
when the stomach was by-passed by duodenal intubation is of considerable 
interest. Previous observations have suggested that the stomach may actually 
play an inhibitory role in absorption. Halsted and associates’ performed 
fecal recovery tests in 11 patients with a total gastrectomy after gastric juice 
was added to the test dose of Co®°-B,.. In seven, absorption occurred which 
was much greater than that exhibited either by normal individuals, or by 
patients with pernicious anemia given gastric juice with the test dose. Further- 
more, Johnson and Berger,’ using timed-release capsules, demonstrated that 


urinary excretion was greater when Co%°-B,. was released in the small intestine 
rather than in the stomach. 


The binding of vitamin B,. by proteins without intrinsic factor activity,’* 
making it unavailable for absorption, is a possible explanation for an inhibitory 
role of the stomach. However, the effect of pH on intrinsic factor may offer 
a more likely explanation. As early as 1937, Castle and associates'* described 
the importance of pH on intrinsic factor-extrinsie factor mixtures. Beef 
musele and gastric juice incubated at pH 2.5 for 12 hours was hematopoietically 
inert unless partial neutralization to pH 5 was made before administration. 
More recently, from the same laboratory,’® experiments using gastrectomized 
rats have shown that incubation of a mixture of Co®-B,. with homogenized rat 
stomach at an acid pH reduced the absorption of the vitamin. Griisbeck,’® 
studying gastric juice by the electrophoretic method, described a striking loss 
of the main vitamin B,, binding fraction (which he speculates may be intrinsic 
factor) after incubation of the gastric juice at acid pH for longer than 30 min- 
utes. If digestion of intrinsie factor should occur after it binds B,., a large 
portion of the B,. might become unavailable for absorption. On direct instilla- 
tion into the more alkaline environment of the duodenum, the B,. might be 
preferentially bound to intrinsic factor that has escaped digestion. Therefore, 
it would appear that the destructive effect of an acid environment on intrinsic 
factor may be the result of proteolytic digestion as suggested by Castle and 


Ham in 1936.17 This may be a possible explanation for the ‘‘inhibitory’’ effect 
of the stomach. 


CONCLUSIONS 


1. In doses of 0.5 pe vitamin B,. can be absorbed from the entire small 
intestine provided intrinsie factor is available. 
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2. Absorption of vitamin B,, in doses of 0.5 to 3.0 ng from the colon could 
not be demonstrated in 18 tests despite the addition of intrinsic factor to 6 
test doses, and the prior administration of neomycin or tetracycline in 6 tests 
with or without intrinsic factor. 


3. As measured by a 2-day urinary excretion test, the degree of absorption 
of 0.5 ng of vitamin B,. given orally at 7-day intervals was fairly constant in a 
given individual. 


4. Absorption after instillation into the duodenum was significantly greater 
than after oral administration in 6 of 7 normal subjects. This suggests an 
inhibitory role of the stomach. Possible explanations for this effect are offered. 
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FOLIC ACID ABSORPTION, EXCRETION, AND LEUKOCYTE 
CONCENTRATION IN TROPICAL SPRUE 


C. E. Burrerwortu, JR., Masor, MC, USA,* Hyman Px.D.,* ENRIQUE 
PEREZ-SANTIAGO, M.D.,** RAFAEL SANTINI, JR., PH.D., AND 
Frank H. Garpner, M.D.*** 
San Juan, Puerto Rico 


INTRODUCTION 


OLIC acid has been widely used in the treatment of tropical sprue since its 

effectiveness was first demonstrated in 1945.1:2 Girdwood* has shown that 
patients with sprue excrete less folic acid in the urine after an oral dose than 
after a parenteral dose, suggesting impaired absorption or tissue depletion. 
Garcia-Lopez and associates* have called attention to the nutritional inadequacy 
of the diet consumed by patients with sprue in Cuba, but they were able to main- 
tain these patients on a deficient diet and still achieve good hematologic responses 
with folie acid. However, the roles of dietary deficiency and malabsorption 
of folie acid remain poorly defined as to the etiology of the disease. For 
example, a malabsorption syndrome has been observed in military personnel 
in Puerto Rico who had an adequate diet at their disposal’ and sprue has been 
observed in prosperous as well as indigent patients. On the other hand, pa- 
tients with Whipple’s disease or nontropical sprue may show malabsorption 
without the megaloblastie anemia which is so commonly a feature of folie acid 
deficiency. It is also curious that sprue is not encountered in certain areas of 
the world, such as Jamaica, where malnutrition and vitamin deficiency are 
prominent problems. In considering the role of folie acid in the etiology of 
sprue, then, the following questions may be asked: 


1. Is there an impairment of folie acid absorption from the intestinal con- 
tents in patients with tropical sprue? 

2. Is intestinal malabsorption the cause or the effect of folie acid de- 
ficiency ? 

3. Is there an intrinsie defect in the absorption of folie acid which pro- 
duces the disease state? 


4. Is the requirement for folic acid higher in patients with sprue than in 
normal persons? 

5. Are there naturally occurring folic acid analogs (e.g., of bacterial 
origin) which interfere with its utilization? These are some of the questions 
which prompted the following investigations. 


From the U. S. Army Tropical Research Medical Laboratory, San Juan, Puerto Rico. 
Received for publication May 13, 1957. 


*Walter Reed Army Institute of Research; stationed at the U. S. Army Tropical Re- 
search Medical Laboratory. 


**Bayamon District Hospital, Bayamon, Puerto Rico. 
***Peter Bent Brigham Hospital, Boston, Mass. 
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MATERIAL AND METHODS 


Serum and Urine Determinations.—Folic acid was measured by bacteriologic assay using 
a commercially available medium (Difco), and Streptococcus faecalis.* Crystalline folie acid 
was used as the reference standard for the assays and for the oral doses. The dose used for 
oral administration was 5 mg. of the crystalline material dissolved in 5 ml. of 20 per cent 
ethanol. For intravenous injection a commercial preparation (Folvite) was prepared so 
that 10 ml. contained 5 mg. of folic acid. This was confirmed by the assay procedure. 

Urine was collected for 5 hours after the administration of a dose. The output was 
measured and an aliquot was frozen immediately and stored at -20° C. until the folie acid 
assay could be performed. Storage did not usually exceed 2 to 3 weeks. All subjects were 
fasting when the dose was administered. In later studies some were allowed to eat a light 
breakfast 1 hour after dosage since it has been shown that this does not affect the results.® 
Appropriate urine dilutions were prepared and compared with duplicate dilutions of the 
reference standard. A standard curve was prepared with each group of assays. 

Serum determinations were made on samples taken 1, 2, 3, and 4 hours after oral or 
intravenous administration. Serum dilutions were prepared aseptically and added to 
sterile media, since it was found that autoclaving the serum mixtures caused protein pre- 
cipitation which interfered with turbidity readings. Folic acid-free equipment was used 
throughout in collecting and handling samples. 


Leukocyte Assay.—Leukocyte folie acid was measured by a technique similar to that of 
Swendseid, Bethell, and Bird.? For this procedure, 20 ml. of whole blood were collected, 
heparinized, and mixed in a test tube with 40 ml. of 1 per cent dextran (average molecular 
weight 193,000) dissolved in 0.85 per cent saline solution. Red cell sedimentation was 
usually complete in about 2 hours at which time the leukocyte-rich plasma was transferred 
to a centrifuge tube and spun at 2,000 g for 10 minutes. The supernatant was removed and 
the remaining cell suspension was centrifuged at 900 g in a Wintrobe hematocrit tube. The 
height of the leukocyte column was measured and was converted to milliliters by a factor 
of 0.067 ml. per centimeter determined by calibration of the hematocrit tubes in use. In 
most cases the red cell volume was less than 4 mm. in height and the platelet layer less than 
3 mm. The white cell column varied from 5 to 20 mm. Observations here and in other 
laboratories indicate that platelets and red cells do not significantly interfere with the 
results. The concentrated material was diluted 50 times with equal quantities of distilled 
water and 1 per cent sodium acetate buffer at a pH of 4.5. This was incubated for 18 hours 
at 37° C. to liberate conjugated folie acid utilizing the naturally occurring conjugase pres- 
ent in leukocytes. The conjugase activity was inactivated by boiling 10 minutes, after 
which cellular debris was removed by centrifugation. The supernatant was adjusted to a 
pH of 6.5 to 7.0 with 1 N NaOH and dilutions were prepared for assay as in the other deter- 
minations. 


Chromatography.—The 24-hour urine collections of 6 patients with tropical sprue in re- 
lapse and of 2 in remission were concentrated by evaporation to a volume of about 2 ml. 
and one dimensional chromatography was carried out in a buffered solution of mono- ani 
disodium phosphate at pH 7.0. Spots representing 0.01 and 0.02 of the 24-hour urine volume 
were used, Strips were cut in half, longitudinally, and assayed by the bioautographie tech- 
nique described by Nichol, Zakrzewski, and Welch.’ Folic acid, aminopterin, a-methopterin, 
and leucovorin were chromatographed in 1 #g quantities as reference standards. Fountain 
and associates? have shown that boiling in vacuo does not inactivate a-methopterin and we 
have found that boiling for 3 hours without vacuum does not inactivate aminopterin. 


Subjects.—Patients referred to as having untreated sprue were diagnosed by the elini- 
eal findings of diarrhea, glossitis, and weight loss, together with demonstration in the 
laboratory of megaloblastic changes in the bone marrow and malabsorption of two or more 
test substances (xylose, vitamin A, butter, dietary fat). This term was used also for pa- 
tients in relapse with a similar picture. Treated subjects were those who had previously 


*The organism used for this study was S. faecalis (29-21) kindly provided by Dr. W. 
N. Pearson, Department of Biochemistry, Vanderbilt University, Nashville, Tenn. 
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been studied during relapse, or who gave historical evidence of diarrhea, glossitis, anemia, 
and who responded to specific therapy. Maintenance therapy consisted of one tablet (5 
mg.) of folie acid daily. When treated patients were studied the maintenance dose of folic 
acid was withheld for one or more days prior to administration of the test dose. Control 
subjects were laboratory technicians, hospital attendants, or hospital patients without 
hematologic or gastrointestinal disease. 


RESULTS 


1. Urinary Excretion.—The urinary excretion values in 5 hours after the 
5) mg. oral or intravenous dose are summarized in Table I. The difference be- 
tween the folic acid output of controls and untreated subjects is significant at 
the 1 per cent level. These results compare favorably with those of Swendseid 
and associates,’? who found a normal average exeretion of 1.5 mg. in 24 hours 
(30 per cent of the oral dose), and of Girdwood,? who considers excretion of 
less than 1.5 mg. after a 5 mg. parenteral dose indicative of tissue depletion. 
The present findings differ slightly from Girdwood’s in that treated subjects 
excreted essentially normal amounts of folic acid, whereas his tropical sprue 
subjects who were described as being in poor condition showed low exeretion 
values even after treatment. 


TABLE I. Foitc Actp ASSAY: MEAN URINARY EXCRETION IN 5 Hours AFTER A 5 MG. DOSE 


| ORAL INTRAVENOUS 
NO, OF | PER CENT PER CENT 
SUBJECTS ASSAYS | MG. S.D. | OF DOSE MG. S.D. OF DOSE 
Normal 22 131 +0.44 26.0 
13 2.02 +0.27 40 
Treated for 36* 1.21 +0.40 24.0 
sprue 21t 1,97 +0.84 39 
Untreated 10 0.064 +0.071 12 
for sprue 8 1.39 +0.57 27 


*Includes 22 subjects of whom 14 also had a repeat test at a later date. 
yIncludes 16 subjects of whom 5 also had a repeat test at a later date. In all other cases 
there was one assay per subject. 


IT, Foutc Actp: MEAN URINARY EXCRETION VALUES IN 5 Hours FOLLOWING 
A 5 MG. DOSE 


ORAL DOSE INTRAVENOUS DOSE 
SUBJECTS (PER CENT EXCRETED) (PER CENT EXCRETED) 
4+ untreated patients 0.6 24 
3 of original 4 patients after: 
1 to 2 mo. treatment 19.0 29 
4 to 5 mo. treatment > ie 32 


Serial observations were made on 4 subjects before and during treatment. 
The results are summarized in Table II. It may be seen that within 4 to 8 
weeks of folic acid therapy the urinary excretion of folic acid after a 5 mg. 
oral dose was about 30 times greater than before therapy. The output after 
intravenous administration improved slowly but had not reached the normal 
value after 4 to 5 months of therapy. 


2. Serum Levels.—The serum concentrations after oral administration are 
shown graphically in Fig. 1. 
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A ‘‘t’’ test comparing the 2-hour value of untreated subjects with the nor- 
mal 2-hour value indicates significance at the 1 per cent level. 


Serum concentrations were determined after intravenous administration 
of the 5 Gm. doses to 2 normal persons, 9 treated and 3 untreated sprue pa- 
tients (Fig. 2). Over 80 per cent of the injected dose was no longer measura- 
ble at the end of one hour. It appears that clearance proceeds at a rather rapid 
rate in each type of subject. There was no trend in this small group of sub- 
jects suggestive of an avidity for folie acid in sprue, comparable to that noted 
with vitamin C in scurvy. It appears that plasma clearance is essentially the 
same whether the folie acid enters the urine or tissues. Since the method 
described measures only free folic acid some of the clearance could be due to 
binding by plasma protein. 


NORMAL 

UNTREATED SPRUE 
TREATED SPRUE 
NORMAL 


TREATEO SPRUE 
UNTREATED SPRUE ————— 


TIME (HOURS) TIME IN HOURS 


Fig. 1. Fig. 2. 


Fig. 1.—Mean serum folic acid concentrations at hourly intervals after the oral admin- 
istration of a 5 mg. folic acid dose to 4 normal subjects, 5 patients with treated sprue, and 
6 patients with untreated sprue. The shaded area represents one standard deviation above 
and below the mean value for normal and untreated subjects. The standard deviation for 
treated subjects has been omitted for the sake of clarity but is similar to that of the normal 
group. 


Fig. 2.—Mean serum folic acid concentrations at hourly intervals after the intravenous 
administration of a 5 mg. folic acid dose to 2 normal subjects, 9 patients with treated sprue, 
and 3 patients with untreated sprue. 


3. Leukocyte Folic Acid.—The results of leukocyte assay are summarized 
in Table IIIf. The difference between the untreated sprue group and the nor- 
mal subjects is significant at the 1 per cent level. 


TABLE III 


WBC FOLIC ACID IN MuG PER ML. 
SUBJECTS | MEAN | 
Normal 69.3 
Treated for sprue 81.5 
Untreated for sprue 49.1 
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4. Recovery Tests and Chromatography.—sSinee the method of urinary as- 
say described does not take into account the possibility that natural anti- 
metabolites are present, recovery experiments were performed in an effort to 
determine if competition with some inhibitor could explain some of the low 
levels of urinary folie acid excretion previously noted in untreated subjects. 
The average amount recovered in 5 normal urines was 115 per cent (range 99 
to 126) and in 8 treated patients the recovery was 96 per cent (range 86 to 
109). Girdwood? has also reported satisfactory recovery of folie acid added to 
urine. Before untreated subjects were studied it was decided to abandon this 
method of approach in favor of the more sensitive chromatographie technique.® 


Fig. 3.—Bioautograph of a paper strip chromatogram of aminopterin. The strip was 
cut in half longitudinally, after which half was applied for 10 minutes to the surface of 
the folic acid-free medium on the left and the other half to the medium containing folic acid 
on the right. Growth occurred in the compartment on the left corresponding to the Rf value 
for folic acid known to be present in aminopterin and inhibition occurred in the compartment 
on the right at the Rf value for aminopterin. 


This method permits detection of certain folic acid inhibitors occurring in the 
same specimen as folic acid, while the recovery technique might fail to reveal 
inhibition in the presence of an excess of folic acid. The results of chromatog- 
raphy and bioautographs are depicted in Figs. 3 and 4. 
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A growth zone was observed in the folie acid free medium at Rf 0.50 with 
chromatograms of folic acid, and also with chromatograms of aminopterin and 
leucovorin due to the presence of folie acid in these products. This component 
was not found in a-methopterin strips. With leucovorin strips additional 
growth spots occurred at Rf 0.63 and Rf 0.83. The latter corresponds to values 
reported for citrovorum factor but the former is at present unidentified. 
Inhibition was demonstrated in medium containing folie acid by chromat- 
ograms of a-methopterin at zones corresponding to Rf values reported by 
Nichol and associates* for 4-aminopteroylglutamie acid, 4-amino, 10-methy]l- 
pteroic acid, 4-amino, 10-methylpteroylglutamie acid, and 10-methylpteroyl- 
glutamic acid. Aminopterin gave a single zone of inhibition at Rf 0.25 (Fig. 3). 
No areas of inhibition could be found in chromatograms of urine from 8 
sprue patients, even when the concentration of folie acid in the medium was 
reduced to 1 Mug per milliliter. Two treated patients excreted pteroie acid, 
folie acid, and presumably folie acid derivatives with Rf values of 0.60 or more. 


Rf ° FOLIC ACID 
iN MEDIUM 


FOLIC ACIOF:: 
AMINOPTERINE:: 0-01 megms mi 


LEUCOVORIN 
FOLIC ACID 
AMINOPTERIN 
LEUCOVORIN 
URINE, UNTREATED SPRUE : 
. 


0-001 mc gm/ mi 
. . 


URINE, TREATED SPRUE 


Fig. 4.—Diagram illustrating results obtained with chromatography of reference com- 
pounds and urine samples from 5 patients with sprue. An additional 3 untreated subjects 
gave similar results. For details see text. 


All 8 patients with sprue excreted a growth promoting factor at the zone 
between Rf 0.55 and 0.65, corresponding to the unknown component of leu- 
covorin with Rf 0.63. In 4 of the 6 patients in relapse this was the only spot 
found. Another untreated subject excreted growth promoting factors cov- 
ering the zone from Rf 0.46 to 0.81, probably representing a small amount of 
folie acid as well as citrovorum factor and intermediate compounds. The sixth 
untreated subject excreted a growth factor with an Rf value of 0.67 and an- 
other at 0.84. 

DISCUSSION 


It is often difficult to make a clear distinction between faulty intestinal 
absorption and rapid removal of a test substance from the blood due to tissue 
depletion and other factors. This is particularly true in the case of sprue and 
folic acid because attempts to saturate the tissues by parenteral dosage prior 


| 
| 
3 
None 
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to testing causes clinical improvement. We have noted clinical improvement 
and reticulocytosis up to 10 per cent following a single 5 mg. dose of folie acid. 
In the present study the 5-hour urinary folie acid excretion value after a single 
oral dose was compared with the excretion after I.V. administration 2 to 6 
days later. The data following intravenous dosage suggest some tissue deple- 
tion since untreated subjects retain about 12 per cent more folie acid than 
normals. If faulty intestinal absorption were the only abnormality in these 
patients similar results would be expected in the two groups of subjects. 


In the light of this knowledge the wide disparity between the urine values 
for normal and untreated subjects after oral dosage would indicate malab- 
sorption. Tissue depletion is apparently not sufficient to account for the 
twenty-five-fold reduction in exeretion found in the untreated sprue patients. 


It is perhaps significant to note that patients with tropical sprue in remis- 
sion show normal excretion values both with oral and intravenous administra- 
tion. This is taken as evidence that these patients do not have a permanent 
specifie defect in the absorption of folie acid at the dosage used, nor do they 
have tissue depletion. However, the possibility remains that malabsorption 
for folie acid could exist at lower concentrations since the 5 mg. dose greatly 
exceeds the estimated daily requirement of less than 1 mg.*' It has been re- 
ported that infants with megaloblastic anemia will respond to folie acid in 
doses as low as 200 and 500 pg per day.’? It has been shown that pteroylhexa- 
glutamylglutamie acid is effective by oral administration in treating tropical 
sprue’® so that impairment of conjugase activity is probably not a feature in 
the faulty absorption of naturally occurring folic acid compounds. However, 
as Girdwood® has stated, it seems unlikely that sprue patients could absorb 
folie acid conjugates normally, while absorbing the free folic acid poorly. Al- 
though the data do not bear directly on the question, evidence that sprue pa- 
tients have inereased requirements for folic acid stems from the observations 
that they frequently relapse without a dietary supplement. 


Serum determinations of folic acid activity after oral dosage likewise re- 
veal a significant difference between the peak values of normal and untreated 
patients compatible with malabsorption. Values for treated subjects were 
virtually identical with the normals. Dilution of the test material by the rela- 
tive increase in plasma volume of the anemic subject was considered but this 
is not an adequate explanation for the wide differences observed. Calculations 
indicate that the plasma volume of an average anemic sprue patient (weight 
100 pounds) is not remarkably different from that of an average nonanemic 
control (weight 175 pounds). 


Although the number of observations is small the serum concentration 
values after intravenous administration (Fig. 2) lend support to the concept 
that rapid clearance is not a factor in producing the flat uptake curve seen in 
the serum after oral dosage. 

Evidence that impaired absorption is the main disturbance may also be 
seen in the tests of folie acid exeretion before and during treatment. There 
was only a slight increase in excretion following intravenous dosage after 
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therapy, whereas the urinary exeretion following oral dosage was approxi- 
mately 30 times greater than before. 

The assay of leukocyte folie acid affords a method of direct observation 
on cellular stores and serves as a check on the previous findings with oral and 
intravenous administration. The data indicate a statistically significant de- 
crease in the mean folie acid content of leukocytes in patients with tropical 
sprue in relapse. However, the fact that the leukocyte folic acid concentration 
of some patients lies within the lower limit of the normal range tends to sup- 
port the indirect observations made earlier that tissue depletion is not great. 
As noted above, patients in relapse retained only 12 per cent more of the intra- 
venous dose than did normal subjects. 

Observations were also made on leukocytes from 3 persons with chronic 
granulocytic leukemia, giving high values, as previously reported by Swend- 
seid and associates. Our highest result was 175.7 Mug per milliliter of leuko- 
cytes; this was considerably above our normal range but not as high as others 
have found. It may be of interest that Beard and associates'* have found ab- 
normally high levels of serum B,, in such patients. The white cell folie acid 
concentration in a man suffering from pernicious anemia in relapse was less 
than 24.2 Mug per milliliter, this being the minimum reading possible with the 
standard curve. A serum sample drawn at the same time showed a vitamin B,. 
concentration of zero. These findings tend to support the concept of Tasker’® 
and others that there may be a correlation between body stores of folie acid 
and By. 

Several considerations led to a search for possible competitive inhibitors 
of folie acid. For example, there is some resemblance between tropical sprue 
and the clinical pieture produced by certain folic acid analogs. Thus aminop- 
terin may produce aphthous ulcers in the buccal mucosa, glossitis, diarrhea, 
leukopenia, and macroeytie anemia.’® Hamilton and associates’ have reported 
that dogs treated with a folic acid antagonist (‘‘DDMP’’) develop diarrhea, 
ulcerative lesions in the small intestine, skin pigmentation, and megaloblastic 
changes in the marrow. Similar results have been noted in human beings."* 
Interest has also been centered on the possible role of bacterial products syn- 
thesized in the blind loops, and diverticula of patients with the so-called 
‘‘pouch P.A.,’’ who respond to antibiotic therapy. Several authors have re- 
ported an inhibitor in the plasma of patients with pernicious anemia which 
interferes with the maturation of megaloblasts in marrow cultures. 

The present study failed to demonstrate any substance in the urine of 
sprue patients inhibitory to the growth of S. faecalis. The possibility remains 
that substances exist which may inhibit growth of human cells and not those of 
S. faecalis. 


SUMMARY 


1. Evidence is presented that there is marked malabsorption of folie acid in 
patients having tropical sprue in relapse, and that the tissue levels are moder- 
ately reduced. 

2. The question remains unanswered as to whether malabsorption is the 
cause or the effect of folic acid deficiency. However, since folie acid absorp- 
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tion improves when the absorption of other substances improves it appears 
likely that this malabsorption may be only a part of intestinal dysfunction. 

3. Measurement of serum levels after oral and intravenous dosage and 
measurement of leukocyte folic acid revealed no appreciable differences be- 
tween normal persons and patients with sprue in remission. There does not 
appear to be a permanent specific defect in the absorption of folic acid by pa- 


tients with sprue comparable to the malabsorption of vitamin B,. by patients 
with pernicious anemia. 


4. No evidence has been found that sprue patients in remission require 
increased amounts of folie acid, other than the well-known clinical observa- 
tions that they tend to relapse without dietary supplements. 


5. A survey of urines from 8 patients failed to reveal substances inhibitory 
to the growth of the folie acid-dependent organism S. faecalis. 


The technical assistance of Sergeant First Class Wallace G. Fee and Master Sergeant 
Kenneth 8. Moran is gratefully acknowledged. 
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GLYCOPROTEINS OF NORMAL HUMAN SERUM AS SEPARATED 
BY ELECTROPHORESIS ON STARCH 


Orro W. Neunaus, Px.D., aNp Marcia LETzRING, B.S. 
Detroit, MicH. 


HE pattern of serum glycoprotein following electrophoresis is being increas- 

ingly studied as a means of observing serum protein changes in disease.’~’ 
At the present time the glycoproteins are visualized either by staining the 
protein-bound polysaccharides on paper electropherograms with the periodic 
acid-Schiff (PAS) technique’ or by determining the content of hexosamines in 
the separated zones.” * Such patterns have been evaluated densitometrically 
and by elution. A lack of specificity’ and a high background coloration‘ are 
characteristic difficulties in the paper electrophoresis—PAS method. When 
glycoproteins are evaluated by their content of hexosamines, determinations 
are made on the separated zones of paper electropherograms.” * The paper 
segments are hydrolyzed and the hexosamine content measured by a modified 
Elson and Morgan procedure. The most striking characteristic of such data 
is the absence of a significant amount of hexosamine in the albumin peak; 
otherwise the data are similar to those obtained by the PAS procedure. 


The electrophoretic separation of serum on a starch medium offers the 
unique opportunity for comparing a glycoprotein curve, measured as hexosa- 
mines, with the total protein pattern from the same electrophoretic run. In 
this paper results are presented for the separation on starch of individual and 
pooled human sera in an effort to help establish a normal pattern of serum 
glycoproteins. 

METHOD 


With the exception of one sample of pooled normal human serum, which had been 
stored in the frozen state for 6 months, all serum samples were used on the same day as 
drawn to obviate any changes that might occur either because of storage or the freezing 
and thawing process. 


Zone Electrophoresis—The technique used here is that of Kunkel.11 Potato starch,* 
washed twice with a barbital buffer of pH 8.6 and 0.1 ionic strength, was made into a 
thick suspension with the buffer and then poured into a plastic mold 15 x 3 x 5% inches. 
After excess buffer was removed with filter paper, the serum sample (3 ml.), previously 
made into a paste with starch, was packed into a slot approximately 5 inches from the 
cathodic end of the starch block. Cellulose sponges were used to connect the ends of the 
block with the electrode vessels. After an initial equilibration period of one hour, 250 v. 
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were applied which furnished a current of 50 to 70 Ma. The electrophoretic separation 
as well as the initial equilibration period were conducted at 5° C. After 24 hours the 
starch was cut into 1 em. segments each of which was then eluted with 5 ml. of a 1 per cent 
solution of salt. 


Determination of Protein and Hexosamine.—Aliquots of the eluates were analyzed for 
protein by the method of Lowry.12 For the determination of hexosamine, 1 ml. aliquots 
were first dried, hydrolyzed for 4 hours with 3 N HCl and dried in vacuo over NaOH. Then 
the isoamyl alcohol extraction procedure described in detail elsewhere*1!3 was used on the 
neutralized hydrolysates, 


For total serum hexosamines 1.0 ml. aliquots of a 1:100 dilution of serum were dried, 


hydrolyzed for 4 hours in 3 N HCl, and treated as described for the determination of hex- 
osamine, 


RESULTS 


Interference in the recovery of hexosamine by partial hydrolysates of bovine 
serum albumin using the isoamyl alcohol extraction procedure has been pre- 
viously reported.!® To test the effectiveness of this procedure with serum, the 
recovery of 10 gammas of added glucosamine from 0.01 ml. of human sera was 
also studied. Ninety-five per cent of added glucosamine was recovered. The ab- 
sorption curves of the chromogen for glucosamine, serum, and serum with added 
elucosamine were identical, indicating the absence of interference from nongluco- 
samine reactive substances of serum. 
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Fig. 1.—Glycoprotein pattern obtained by the electrophoretic separation of human serum. 


The average total hexosamines was found to be 88 mg. per cent, a value 
which is in agreement with that of others.” ** A typical electrophoretic pat- 
tern obtained with pooled normal human sera is presented in Fig. 1. The pro- 
tein and hexosamine contents of each segment of starch are plotted as per cent 
of the total. Each centimeter of starch is expressed as a fraction, Raumin, 
which is defined as the distance migrated divided by the distance of the albu- 
min peak from the origin. Points anodic to the origin are given positive 
values ; cathodic ones are negative. 


*This technique does not distinguish galactosamine from glucosamine. 
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The areas bounded by the conventional zones of the protein and glyco- 

protein curves were measured with a planimeter. The relative proportions of 

each zone are presented in Table I. No values are given for hexosamine in 
the albumin fraction as the amount found is insignificant (Fig. 1). 


TABLE I. ToTaL PROTEIN AND GLYCOPROTEIN PATTERN OF NORMAL HUMAN SERUM 


TOTAL SERUM 
PROTEIN* HAmt 


(GM./100 | (me./100 PROTEIN (PER CENT) HAmt (PER CENT) 
SERUM ML. ) ML. ) ALB.| a, | a | B | Y¥ a | a | B | Y 
Frozen pooled 7.4 94.5 56.6 2.6 95 85 22.7 25.4 35.7 15.8 23.0 
Fresh pooled 7.1 81.3 54.2 5.3 10.2 115 188 27.2 32.2 225 18.1 
ON 7.0 81.3 58.5 94 104 21.7 22.0 31.8 21.0 25.2 
GL 7.6 96.3 55.2 5.1 11.1 118 168 32.1 33.6 18.9 15.4 
ML 7.4 73.8 58.0 3.8 106 10.4 17.2 24.1 38.6 21.0 16.3 
RF 7.9 100.0 525 40 7.5 101 25.9 27.1 29.7 19.9 23.3 
AO 8.1 88.7 51.1 55 10.7 14.1 186 30.0 29.7 23.2 17.1 
Average} 7.5 88.0 54.2 4.7 99 11.4 19.8 27.1 32.6 21.1 19.2 
s.d. +0.4 +9.5 42.6 41.3 +15 %+3.7 +3.1 +16 144.0 


*Total proteins were determined by Dr. B. Zak, Department of Pathology, Wayne State 
University College of Medicine, using a biuret method. ™ 


+HAm is used to indicate hexosamine. 
tData of frozen pooled sera not included. 


TABLE II. GLYCOPROTEIN PATTERNS FROM PAPER ELECTROPHORESIS 


GLYCOPROTEINS (PER CENT) 


METHOD ALB. | a, | | REFERENCE 
PAS* densitometric 343.1 17.9 27.9 23.8 17.2 Bjornesj61 
PAS* densitometric 9.85 15.06 27.27 33.30 14.52 Magalinié 
PAS* densitometric 25.0 15.0 19.0 21.0 20.0 Grassi? 
PAS* densitometric 9.8 14.6 » 29.3 26.8 19.5 Shetlart15 
PAS* elution 8.7 21.2 36.0 25.2 8.2 Laurell4 
Hexose 10.9 13.4 29.4 26.0 20.2 Shetlart15 
HAmt a 29.2 23.9 25.8 21.1 Goats 
HAm}t 20.6 29.5 20.5 29.2 Bollet t2 


*Stained with periodic acid-Schiff reagent. 


{The data of these authors were originally given in mg. per 100 ml. of serum and have 
been recalculated as per cent of total. 


tHAm represents hexosamines. 


DISCUSSION 


Available data on the electrophoretic distribution of serum glyecopro- 
teins," * ® * 1° measured by the PAS stain, exhibit some discrepancies in the 
albumin and gamma zones (Table IL). Some variation is undoubtedly the re- 
sult of interference by noncarbohydrate substances and individual differences 
in staining technique. Despite such variabilities the data obtained are in gen- 
eral agreement with glycoprotein patterns based on hexosamine and hexose 
determinations.” *° With the availability of a simplified analysis for hexosa- 
mines the disadvantages of PAS staining can be obviated. The use of hexosa- 
mine as a criterion is especially pertinent because of the increasing efforts to 
follow changes in total serum hexosamine in disease.* ® The data of Bollet? 
and Goa*® (Table LL) combined with those of this paper are a start in develop- 
ing a clearer picture of the normal distribution of serum glycoproteins as re- 
flected in the distribution of hexosamines. 
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SUMMARY 


Normal human sera were separated clectrophoretically using starch as the 
stabilizing medium. Determinations for protein and hexosamine were made 
on the consecutive eluates. The average relative distribution of hexosamines 
in the electrophoretically separated zones was 27.1 per cent in alpha-l, 32.6 


per cent in alpha-2, 21.1 per cent in beta, and 19.2 per cent of the total hexosa- 
mine in the gamma fraction. 


The interest and advice of Drs. A. J. Bollet and B. Zak are gratefully acknowledged. 
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ACID MUCOPOLYSACCHARIDE EXCRETION IN THE URINE OF 
CHILDREN 


CLayton Ricu, M.D., Nicola DiFERRANTE, M.D.,* AND REGINALD M. ARCHIBALD, 
M.D., 
New York, N. Y. 


RINARY acid mucopolysaccharide (APS) excretion has been measured in 
normal adults’? and children! and in patients with lupus erythematosus,* 
rheumatoid arthritis,t and diabetes. The APS of normal human urine has 
been shown to be mainly chondroitin sulfate. It was observed that normal 
children excreted amounts of APS which were several times higher than values 
observed in normal adults... This report describes a study of its excretion in 


the urine of normal children, and of children with retarded or accelerated 
growth. 


MATERIALS AND METHODS 


Except for a few hospitalized children, the subjects studied were outpatients, followed 
in the growth and development clinic conducted by one of us (R. M. A.), and normal siblings 
of a large number of these patients. Each patient had a complete history and physical 
examination and an x-ray of the wrists for interpretation of bone age.* One or more 24- 
hour urine sample from each patient was analyzed for APS (which is expressed as milli- 
grams of glucuronic acid per 24 hours)! and creatinine. The patient or his parents were 
carefully instructed before, and questioned after, the collection of urine and only those 
samples which were considered to be complete and to have been continuously refrigerated 
were accepted. Paper chromatography was carried out in the propanol, phosphate buffer 
system described by Kerby.? 


Analyses of the Data.—Notwithstanding a history of complete collection, each sample 
was examined by an independent means to assess the reliability of the collections. This was 
done by dividing the patients into 3 groups: those in whom determinations from 2 different 
urine samples were in close agreement, those in whom the creatinine excretion of a single 
urine collection was well within the normal range, and those in whom the completeness of 
the urine collection could not be verified. The first 2 groups were considered reliable. 

The entire group studied consisted of 61 male and 26 female children from 3 to 16 
years of age. In 49 of these patients, analyses were carried out for APS or creatinine on 
2 or more 24-hour urine specimens collected within a period of 6 months. From 39 patients 
the values were within 15 per cent of their average, and these were accepted as representing 
complete collections. These patients were designated Group I. 

Of Group I, 24 subjects were considered to be normal in that there was no diagnosis 
of a metabolic or developmental abnormality, and in that the bone age differed by less 
than 1.5 years from the chronological age. Eighteen of the normal subjects were male and 
6 were female. Of the patients in Group I, only the normal males were numerous enough 
to permit separate statistical analysis. The normal daily creatinine excretion is shown for 
this subgroup in Fig. 1. 
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The remaining 38 subjects in this study had only one urine specimen analyzed for 
APS and creatinine. Of the 23 normal males in this group, 17 had values for creatinine 
exeretion which were within one standard error of the normal as determined by the line 
of regression for the data in Fig. 1. These 17 subjects were designated Group II. The 
normal males in Groups I and II were analyzed separately in regard to APS and creatinine 
excretion related to age, body weight, and surface area. They were found to be homogeneous 
in these respects and were therefore considered together for all further analyses. 


Gm. creatinine /24 hrs. 
= 


10 12 14 16 
Chronological age (yrs) 


Fig. 1.—The creatinine excretion of normal male children. 


In 31 patients, the accuracy of urine collection could not be verified. These subjects 
were designated Group III. All of the urine collections from patients in Group III were 
considered to be incomplete, but to represent a major fraction of the 24-hour period. 

Whenever inspection indicated a linear correlation between a measurement and the 
subject’s age, a line of regression was determined by the method of least squares. Standard 
statistical analysis was employed.? 


TABLE TI. THE CREATININE COEFFICIENTS OF NORMAL MALE CHILDREN 


CREATININE COEFFICIENT 
(MG./24 HR./KG.) MEAN + S.D. 


14.5 and 19.1 
23.4 

22.0 
24.2 
24.9 
28.0 


I+ I+ [+ 1+ I+ 


9190 


RESULTS 


The creatinine coefficient of the normal males was found to vary widely 
in any age group. The mean values at different ages are indicated in Table 
[. It ean be seen that the creatinine coefficients of the youngest patients were 
possibly lower than the normal adult values of 20 to 26. This is consistent 
with numerous reports of low creatinine coefficients in early childhood.’° How- 
ever, in the children from 7 to 16 years of age, there was no statistically signifi- 
cant change in the creatinine coefficient with age. The few values obtained 
for females indicated lower creatinine coefficients for this sex at all ages (16.3 
+ 2.6 mg./24 hr./Kg.). 


<i 
7- 8 
9-10 
11-12 
13-14 
15-16 
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The 24-hour exeretion of APS in normal males and females (Groups I and 

Il) is indicated in Fig. 2. In males there was a progressive increase in APS 
excretion. This was maximum between the thirteenth and fifteenth year. The 
highest values of 18 to 23 mg. were 3 times the normal adult value’? and as 
high or higher than the values seen in adults with pathologic states associated 
with increased APS excretion.*»* The values recorded for females were lower 
than those of males but showed a similar increase during adolescence. This 
increase occurred, as expected, at an earlier age in female than in male children. 


> 


e male children 
female children 


id/24 hrs) 
S 


Mean 
normal 
adult values 


~<— males 
g ~<— females 


APS (mg. glucuronic ac 
@ 


6 6&8 10 12 14 16 
Chronological age(yrs) 


Fig. 2.—The acid mucopolysaccharide excretion of normal children. (The dashed line joins 
the mean of each 2-year period for male children.) 
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TABLE II. THe LINEAR CORRELATIONS BETWEEN THE RATIO OF APS EXCRETION TO WEIGHT 
Orn CREATININE EXCRETION AND AGE 


COEFFICIENT OF 
ABCISSA ORDINATE LINE OF REGRES- CORRELATION + 
GROUP ANALYZED (X-AXIS) (Y-AXIS) SION + S.E. S.D. 


Normal males Chronological APS (mg./24 hr.)| y = 1.69 — 0,047 0.32 + 0.12 
Groups I and II age (yr.) wt. (Kg.) x + 0.33 


Same Same APS (mg./24 hr.) |y = 18.8 - 0.73 x 0.64 + 
creatinine (Gm./| +2.3 
24 hr.) 


All males Bone age (yr.) Same y 17.9 - 0.71 x 
(Line for Fig. 3) + 2.3 


All females Same Same y 


6.7 - 0.76x 
(Line for Fig. 4) 


+ 1.8 


It is useful to relate any determination from children of different ages to 
some index to compensate for their continuously increasing body mass. The 
commonly used indices are weight, height, surface area, and creatinine excre- 
tion. The ratio of APS excretion to height or surface area correlated 
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poorly with age. When the ratio of APS excretion to weight or creatinine 
excretion was related to age in this group of normal males, the linear correla- 
tions presented in Table II were obtained. The calculations from this table 


20 


acid / 24 hrs.) 
Creatinine (gm/24hrs.) 
Ss & 


— 


APS (mg.glucuronic 


! 


24668 ¥ SBS 
Bone age (yrs) 


18 


Fig. 3.—The acid mucopolysaccharide-creatinine ratio related to bone age of all male children 
studied. (Data from hypothyroid children are not included.) 


e All female children 
AMale | adequately treated 
Female hypothyroid children 


Creatinine (gm /24 hrs.) 


> 


APS (mg. glucuronic acid / 24 hrs.) 


2 4 6 8 10 2 4 16 
Bone age (yrs.) 


Fig. 4.—The acid mucopolysaccharide-creatinine ratio related to bone age of all female 
children studied. (Data from hypothyroid children, though plotted, are not included in the 


statistical analyses.) 

show that the correlation of the APS:weight ratio with age was of little 
significance, but that the correlation of the APS:creatinine ratio with age was 
significant. As the age increased, there was a regular decrease of the amount 
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of APS exereted per unit of creatinine excreted. This correlation was im- 
proved when bone age was used in place of chronological age. The use of 
creatinine excretion as an index permitted the inclusion in the analysis of 
patients in Group III. 


In Figs. 3 and 4 the APS :creatinine ratio was compared with the bone age 
for all the males and females, respectively, in the study. There was an obvious 
difference between the lines of regression drawn from the data from these 2 
groups. In both groups the APS:creatinine ratio decreased with age at ap- 
proximately the same rate, but in females this ratio was lower than in males 
at all ages. The patients of each sex with advanced or retarded bone age 
were analyzed separately, and found to show no significant difference from the 
normal subjects when bone age, but not when chronological age, was used. In 
every case, the correlation between the APS:creatinine ratio and the bone 
age was superior to the similar correlation with the chronological age. 

The diagnoses other than advanced or delayed growth were enuresis (9 
times), dwarfism with or without pituitary or gonadal insufficiency (5 times), 
alopecia totalis or areata (4 times), hypothyroidism under treatment (3 times), 
and each of the following once: anorexia nervosa, Osgood-Schlatter’s disease, 
and adequately treated thyrotoxicosis. There was no difference between the 
APS :creatinine ratio of any of these patients and the others of their sex except 
in the case of the treated hypothyroid subjects, who had APS :creatinine ratios 
conspicuously below the values for their ages. (Except in one instance, these 
ratios deviated from the normal by more than 2 standard errors and none were 
included in the statistical analyses. Their positions are indicated in Fig. 4.) 

The APS isolated from a number of urines which contained large amounts 
of APS and from several of the younger subjects would not pass by dialysis 
through a cellophane membrane. Its behavior during paper chromatography 
and subsequent reaction with toluidine blue was identical to that previously 
described for APS from normal urines.’ * ® 

It was possible to extend these observations to a very early stage of life 
because of the interest and enthusiasm of Dr. Helen Ossofsky at the New 
York Hospital, who made available four 24-hour urine samples collected by 
catheter from each of 2 infants. A normal male one month old exereted 2.6 
+ 0.5 mg. APS glucuronie acid and 0.044 + 0.006 Gm. creatinine per day, and 
a 1.5-month old girl with osteogenesis imperfecta excreted 3.2 + 0.3 mg. APS 
glucuronic acid and 0.032 + 0.006 Gm. creatinine per day. The APS :creat- 
inine ratios of these 2 infants were 59 and 97. 


DISCUSSION 


It has been shown that the urinary APS is not a product of the kidney 
or urinary tract? and further shown that in pooled urine from normal adults 
and children this APS is mainly chondroitin sulfate. Chondroitin sulfate has 
also been demonstrated in normal human plasma." The urinary excretion of 
APS is elevated in several diseases associated with abnormal metabolism of 
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mucopolysaecharide-rich connective tissues." * It is reasonable to suppose that 
the urinary mucopolysaccharide excretion is a reflection of the metabolic state 


of the chondroitin sulfate containing tissues of the body. 


The data presented in this study indicate that there is a regular decrease 
with age of the amount of APS excreted per unit of creatinine excreted. The 
ratio of APS:creatinine excretion attained adult values at about 17 years in fe- 
males and 21 years in males. To the extent that these data reflect tissue acid 
mucopolysaccharide metabolism they indicate that an initially very active proc- 
ess gradually decreased as the growth rate fell with increasing age, to reach 
adult levels about the time when growth stopped. 


SUMMARY 


1. Acid muecopolysaccharide (APS) exeretion has been described for 
children of both sexes whose ages were between 3 and 16 years. There was a 


gradual increase in APS excretion during childhood which became maximum 
during early adolescence. 


2. The ratio of APS exereted per day to creatinine excreted per day was 
found to give a linear correlation with age. As age increased, a regular de- 
crease occurred in the ratio of APS excretion to creatinine excretion. 

3. There was no difference in the APS:creatinine ratio between normal 


children and children with advanced or delayed bone age if this ratio were cor- 
related with bone age rather than chronological age. 
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THE EFFECT OF MORPHINE SULFATE UPON THE RENAL 
EXCRETION OF WATER AND SOLUTE IN MAN 


SoLtomon Papper, M.D., LAWRENCE Saxon, M.D.,* Maurice B. Bure, M.D., 
Haroip W. Serrer, M.D., anp Jack D. Rosenbaum, M.D. 
Boston, Mass. 


HAT the administration of morphine may be followed by a decreased rate 

of urine formation has been known for a half century.’ It is commonly 
stated that this change is mediated primarily by the release of antidiuretic 
hormone (ADH). Such statements derive largely from studies in which large 
doses of this alkaloid were administered to experimental animals.*° Observa- 
tions concerning the effects of therapeutic doses of morphine on the rate of 
urine flow, glomerular filtration rate, and solute exeretion in normal man are 
so limited and contradictory’ that a study of such effect was undertaken. 
The data presented demonstrate that morphine, when administered in usual 
therapeutic doses to healthy men, may decrease the rate of water diuresis 
without evident release of antidiuretic hormone. Such antidiuresis occurs con- 
comitantly with a reduction in glomerular filtration rate and solute excretion. 


METHODS 


A water load was established on 22 occasions in 16 normal subjects by the oral admin- 
istration of 20 ml. of tap water per kilogram of body weight. The water load was maintained 
throughout the experimental period by providing sufficient water after each voiding to 
restore body weight to the value attained after the initial loading. The subjects remained 
recumbent throughout the experiment except when they stood to void. After diuresis had 
begun, voided urine was collected at intervals of no greater than 30 minutes in all but a few 
experiments, After at least two periods of ‘‘maximal’’ diuresis, morphine sulfate was 
administered in a dose varying between 7.5 and 30 mg. subcutaneously or 5 to 10 mg. intra- 
venously. Urine collections were continued for variable periods of time, generally for 105 
to 250 minutes after drug administration. 

Samples of venous blood were obtained during the height of diuresis and at the end 
of the study. Blood and urine were analyzed for their content of sodium, potassium, chloride, 
and creatinine by methods previously described from this laboratory.15 Total osmolality 
was determined by freezing point measurement, employing a Fiske osmometer. Inulin and 
paraaminohippurate clearances were determined in 2 subjects.16,17 Equations given by 
Smith were employed for calculation of osmolal and free water clearances.1§ 


RESULTS 


1. The central nervous system effects of morphine were apparent within 
30 minutes in all but 2 subjects. The manifestations varied in intensity and 
consisted of drowsiness, ‘‘weakness,’’ relaxation, dizziness, and pupillary con- 
striction. In Subject 13 very mild drowsiness and pupillary constriction were 
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noted for the first time one hour after the morphine was given. Subject 16 
had no subjective symptoms but his pupils became small at the end of an hour. 
Nine subjects developed nausea at some time during the experiment. Changes 
in blood pressure did not oceur except in one subject who manifested postural 
hypotension on a single occasion. 

2. In 17 of the 22 experiments, within 10 to 55 minutes after morphine 
administration, urine flow decreased by 2.1 to 6.6 ml. per minute (Table I). In 
8 of these 17, the decrease in flow was observed within 30 minutes after morphine 
was given. The diminution in urine flow was not accompanied by a significant 
rise in urine osmolality. This decrease in diuresis was associated with a redue- 
tion in endogenous creatinine clearance varying between 10 and 41 ml. per 
minute in 16 of the 17 experiments.* In 16 of the 17 studies there was a de- 
crease in total solute excretion varying between 83 and 476 »Osm per minute. 


20 MORPHINE SULFATE 
15 MG (sc.) 


14} 

, (62) 
| [68] _ 69) [87] 


| 


URINE FLOW 
ml/min 


in 


30 60 90 120 150 180 
MINUTES 
Fig. 1.—The effect of morphine sulfate (15 mg. subcutaneously) upon the renal excre- 


tion of water and solute in Subject 3. The numbers in brackets are the, urine concentrations 
(mOsm./L.) for the respective periods. 


@ 


There was little change in the urinary concentration of sodium and chloride 
when the rate of exeretion of these ions decreased with the decline in flow, 
except in one experiment. The urinary concentration of potassium also re- 
mained fairly constant when flow diminished, but its rate of excretion de- 
creased in all save 3 instances. As shown in Table I, there was a decrease 
in osmolal clearances in all but 2 experiments (12a and 12b) and free water 
clearance generally decreased concomitantly. 

The coneentration of total solutes and of sodium in serum, measured at the 
height of the initial diuresis and again at the end of the study, remained un- 
changed. 

Data illustrating the entire course of 3 experiments are depicted in Figs. 
1 to 3. In Subject 3 (Fig. 1), the initial prompt decrease in urine flow was 
associated with a striking reduction in creatinine clearance and a decline in 


*In Subjects 4 and 8 inulin clearance as well as creatinine clearance was determined 
and comparable results obtained (Table I). 
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the rate of solute excretion. Approximately 2 hours after the administration 
of morphine, there was a further decline in urine flow with a rise in osmolality 
from 69 to 87 mOsm./L. This subject had nausea and vomited at the end of 
the experiment. Subject 7 (Fig. 2) had a prompt reduction in urine flow 


MORPHINE SULFATE 
30 MG. (s.c.) 


ml./min. 


90.120. 150. 180 210 
MINUTES 


CREAT.CLEAR. SOLUTE EXCR 


Fig. 2.—The effect of morphine sulfate (30 mg. subcutaneously) upon the renal excre- 
tion of water and solute in Subject 7. The numbers in brackets are the urine concentrations 
(mOsm./L.) for the respective periods. 


MORPHINE SULFATE 
10 MG. (i.v.) 


mi./min. 


URINE FLOW 


p-osm./min, 


a 


CREAT.CLEAR. SOLUTE EXCR. 


6 30. 60 90 120150180 210 240 270 300 
MINUTES 


Fig. 3.—The effect of morphine sulfate (10 mg. intravenously) upon the renal excre- 
tion of water and solute in Subject 9a. The numbers in brackets are the urine concentra- 
tions (mOsm./L.) for the respective periods. 
associated with a decline in creatinine clearance of 12 ml. per minute and a 
decreased rate of solute exeretion but without a rise in urine osmolality. Ap- 
proximately 130 minutes after morphine administration there was a striking 
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rise in urinary concentration.* Experiment 9a (Fig. 3) is of particular inter- 
est in view of the fact that the initial decrease in diuresis was followed by a 
subsequent return toward the control values. These changes in urine flow 
were associated with a decline and later recovery of creatinine clearance and 
solute exeretion. There was very little change in urinary concentration through- 
out the experiment. 

3. In 5 studies a prompt reduction in urine flow greater than 2 ml./min. 
did not follow upon the administration of morphine (Table II). In Experi- 
ments 9b and 13 there was a decline in flow of 2.0 ml./min. and 1.7 ml./min., 
respectively, within 40 minutes after morphine was given, associated with a 
decrease in solute excretion, but without decrease in creatinine clearance. Urine 
osmolality rose slightly. Subjects 14 and 15 had a late fall (within 79 and 
104 min. after morphine, respectively) in urine flow of more than 2 ml./min. 
with a decrease in the rate of solute excretion and a reduction in creatinine clear- 
ance. In both instances there was an over-all rise in urine osmolality of more 
than 10 mOsm./L. Subject 16 had a rise in urine flow, increased rate of 
solute excretion, and a small increase in creatinine clearance without significant 
change in concentration of the urine. 

4. In 6 (Subjects 1b, le, 3, 5, 7 and 8) of the 17 experiments, in which 
the administration of morphine induced a prompt decline in urine flow without 
rise in osmolality (Table I), there was a later decrease in urine flow of more 
than 2 ml. per minute. This decrease was associated with an abrupt rise in 
urine osmolality of more than 10 mOsm./L. and occurred 65 to 143 minutes 
after morphine administration (Table III). In Experiments 1b and le these 
changes showed definite evidence of reverting toward the control values within 
90 minutes. A similar late decrease in flow and rise in urine concentration took 
place in Experiment 14 in which the earlier decline did not oecur (Table III). 
In 5 of these 7 instances, the patients experienced nausea. 


DISCUSSION 


The administration of morphine in therapeutic doses to normal men during 
water diuresis generally resulted in a decrease in the rate of urine flow which 
cannot be attributed to increased antidiuretic hormone activity in view of the 
fact that the concentration of the urine did not increase. Although a modest 
rise in osmolal concentration of a hypotonic urine may not be attributed to anti- 
diuretic hormone effect with complete confidence, unless filtration rate remains 
the same or increases and the rate of solute excretion remains the same or de- 
creases,”°-** it is apparent that increased ADH activity cannot be invoked to 
explain a decrease in flow unless the urine becomes more concentrated. The 
administration of the alkaloid was followed by a decrease in the rate of solute 
excretion and reduction in filtration rate, changes that alone or together are — 
sufficient to account for a decrease in the rate of urine flow.t In the 7 subjects 


*The late marked fall in creatinine clearance in this experiment is probably at least in 
part an artifact due to “dead space error’ during an abrupt fall in flow.” 


7On the basis of recent observations in dogs™®.” it might be expected that an abrupt 
fall in filtration rate alone, without the intervention of ADH, would lead to an increase in 
urine osmolality. Such an association in the present study was not observed even when 
endogenous creatinine clearance was decreased by over 30 per cent. It is apparent that a 
species difference may exist. Moreover, even in the dog increased urine concentration in re- 
sponse to lowered filtration rate has not always been observed.** Precise definition of factors 
determining this relationship requires further elucidation. 
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who demonstrated a late rise in urine osmolality, it is probable that a subsequent 
release of ADH oceurred. It may be noted that 5 of these subjects had nausea 
which in itself might stimulate secretion of ADH. Since the action of ADH is 
almost instantaneous, the delayed antidiuretic response cannot be ascribed to 
an earlier release of hormone.** 


The data derived from extensive animal studies indicate that under certain 
conditions morphine acts to stimulate the release of ADH. DeBodo? observed 
unequivocal inhibition of water diuresis in normal dogs who received 2.5 to 5.0 
mg. per kilogram of body weight of morphine sulfate subeutaneously or intra- 
venously. Further, he showed that an intact neurohypophyseal system was 
necessary for the antidiuretic action, and that morphine inhibited diuresis even 
after one adrenal gland was removed while the other was denervated and demed- 
ullated. He also demonstrated that morphine did not potentiate the action of 
posterior pituitary extract in dogs with diabetes insipidus. Duke, Pickford, and 
Watt® observed that very much smaller intravenous doses of morphine (0.08 
mg. per kilogram or less) produced antidiuresis in the dog.?® This response 
was abolished by section of the supraopticohypophyseal tract. The final evi- 
dence for a direct effect of morphine on the supraopticohypophyseal system un- 
der these conditions was provided by the same investigators who demonstrated 
antidiuresis after 4 to 32 yg of morphine were injected into one or both supra- 
optie nuclei during water diuresis in chloralose anesthetized dogs. Other in- 
vestigators have reported that the antidiuresis induced by morphine in animals 


with intact posterior pituitary gland was associated with the appearance, in 
the urine, of an antidiuretic material which was not morphine and which re- 
sembled vasopressin.® °* Nallorphine, which had no effect on diuresis in rats, 
has been reported to inhibit the antidiuretic action of morphine.*** It would 
thus seem that in the dog the administration of morphine stimulates the release 
of ADH and it also seems fairly clear that in large doses it has the same effect 
in the rat. 


The possible role of altered renal hemodynamics in the decline in urine flow 
following morphine administration in animals has also received some attention. 
Antidiuretie action of the drug has been reported in dogs with diabetes in- 
sipidus.* ° Handley and Keller coneluded that a dose of 1 mg. of morphine 
per kilogram intravenously in the dog acted only to stimulate ADH while 2 
mg. per kilogram also resulted in a decrease in filtration rate (creatinine clear- 
anece).* Crawford and Pinkham® also postulated a dual mechanism of morphine 
action; a ‘‘potentiation’? of ADH and a renal mechanism, the latter pre- 
dominant in ‘‘hyposthenurie’’ rats. As indicated above, Duke, Pickford, and 
Watt2® observed inhibition of water diuresis by very small doses of morphine 
unrelated to changes in renal plasma flow or filtration rate. 


*Our observations concerning nallorphine are limited to one experiment. Subject 5 was 
given 15 mg. of the drug subcutaneously on one occasion. His urine flow decreased within 
20 minutes from 19.6 ml./min. to 13.4 ml./min. without change in urine osmolality (47 and 48 
mOsm./L.), but with a decline in creatinine clearance from 120 ml./min. to 98 ml./min. and 
a reduction in solute excretion from 925 wOsm/min. to 634 wOsm/min. Forty minutes after 
nallorphine administration he became extremely nauseated and experienced bizarre feelings 
that he was unable to describe. 
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A variety of diverse experiments in human subjects have been reported. 
The administration of morphine sulfate in therapeutie doses has been reported 
to cause a reduction in urine flow by a number of investigators.'°'* In 
some instances this has been shown to be associated with a rise in urinary con- 
centration of sodium and chloride’ ** and a reduction in filtration rate."* In 
one study there was an accompanying decline in paraaminohippurate clearance 
without change in filtration rate as determined by the clearance of sodium thio- 
sulfate.’* The study of Kraushaar, Bradbury, Wang, and Brown" is of interest 
in that morphine inhibited the rate of diuresis without increase in urinary 
- specific gravity or urinary chloride concentration. The rate of chloride exere- 
tion generally decreased. The same investigators also observed that the ad- 
ministration of morphine to 2 women considered to have diabetes insipidus was 
followed by a decrease in diuresis, albeit less striking than in the normal. They 
concluded that increased ADH activity cannot explain the effect of morphine 
on the rate of urine flow in normal women. DeBodo, commenting on these ob- 
servations, was of the opinion that the studies did not constitute evidence against 
increased ADH as the mechanism of the morphine induced antidiuresis and sug- 
gested that the 2 women with diabetes insipidus had some residual posterior 
pituitary tissue.2° Walker, on the other hand, gave 20 mg. of morphine sub- 
eutaneously to 7 normal subjects and observed no change in urine flow despite 
the presence of nausea and vomiting in some instances.'® None of these studies 
in man included measurements of total osmolal concentration of the urine nor 
was there demonstrated a rise in solute concentration without change in filtra- 
tion rate. Thus the evidence for ADH release in man following morphine 
administration is limited. 

In contrast to the demonstrated stimulation of ADH release in animals 
given morphine, it is apparent that in normal man morphine ean decrease the 
magnitude of a water diuresis independent of increased ADH activity. This 
difference may be attributed to species variation or to the large doses of morphine 
employed in most of the animal studies compared with the smaller quantities 
administered to man. However, the latter explanation cannot apply to the 
observations of Duke, Pickford, and Watt who found evidence for ADH re- 
lease in dogs after the intravenous administration of morphine in doses as low 
as 0.08 mg. per kilogram intravenously.*® 


The mechanism responsible for the observed reduction of creatinine clear- 
ance and solute excretion after morphine administration cannot be inferred 
from the data presented. Morphine has little effect on cardiac output, blood 
pressure, or peripheral resistance in normal recumbent man, although orthostatic 
hypotension is reported.** ** Blood pressure did not change in our studies. 
Therefore, it is possible that morphine alters renal funetion by a direct effect 
on the intrarenal cireulation. 


The duration of the alteration in urine flow, solute exeretion and creatinine 
clearance was variable. In one half of the subjects who exhibited a decline in 
creatinine clearance after morphine, a return toward the control values occurred 
from 70 to 218 minutes after alkaloid administration, while in the other half 
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no such trend was observed during the experimental period. Urine flow did 
not return to control values during the period of observation, but the role of 
late ADH release in 7 experiments and the superimposed influence of the diurnal 
excretory rhythm of water and solute complicates interpretation. 


The present study was not designed to determine the ability of patients, 
whose clinical management requires the frequent administration of morphine, 
to exerete a large volume of administered water during a 24-hour period. How- 
ever, it is apparent that the reduction in urine flow induced by a single dose 
of morphine in a majority of subjects, would not have compromised their ability 
to exerete copious urine during a period of several hours. More marked im- 
pairment was observed only in those instances when pronounced ADH effect was 
manifest. On the other hand, it is possible that in patients who are experiencing 
pain with consequent ADH release, the administration of morphine by allaying 
pain may inhibit ADH release and hence promote diuresis.* 


CONCLUSIONS 


1. Morphine sulfate was administered in therapeutic doses, subcutaneously 
and intravenously, on 22 oceasions to 16 normal men undergoing water diuresis. 


2. In 17 of the 22 experiments, the administration of morphine was followed 
within 10 to 55 minutes by a decrease in urine flow of more than 2.0 ml. 
per minute. The decrease in flow was unaccompanied by a rise in urine osmo- 
lality, but was associated with a decrease in endogenous creatinine clearance 
and the rate of total solute excretion. 


3. In 7 experiments, there was a late decrease in urine flow associated with 
a rise in urine osmolality. 

4. Morphine sulfate, administered in therapeutic doses to normal men, 
may result in a deerease in urine flow without evident release of antidiuretic 
hormone. The decrease in diuresis may be attributed rather to the observed 
decrease in glomerular filtration rate and in rate of solute excretion. 
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COMPLEMENT-FIXING ANTIBODY RESPONSE TO M-PROTEIN OF 
NEPHRITOGENIC STREPTOCOCCI IN 
GLOMERULONEPHRITIS 
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DaLLas, TEXAS 


HE predominant isolation of type 12 streptococci from patients with acute 

glomerulonephritis has led to the hypothesis that only certain streptococcal 
types have nephritogenic properties.’_ If this hypothesis is valid, patients with 
glomerulonephritis should develop type-specific antibodies to streptococcal 
M-protein of nephritogenie types. In an effort to detect such antibodies, a 
series of nephritic sera were examined by the mouse protection and bacteri- 
ostatic methods. Although the results clearly demonstrated the occurrence of 
type-specific antibody to nephritogenie streptococci in the sera, it was ap- 
parent that technical and biologie factors limited the application of these tests. 
The protection test required not only a mouse-virulent streptococcus, but also 
large quantities of serum; and the bacteriostatic test was not always reliable 
if acute-phase substance or antibiotics were present in the patient’s sera. Be- 
cause these difficulties could be circumvented with a procedure that did not 
require living streptococci a complement fixation test was devised using M- 
protein of nephritogenie streptococci as the antigen. An extensive search of 
the literature revealed no previous report demonstrating complement-fixing 
antibodies to streptococcal M-protein in human sera. 


MATERIALS AND METHODS 


Clinical Material_—The complement fixation test was applied to sera from 3 separate 
groups. The first consisted of 54 Indian children from Red Lake, Minnesota, with an aver- 
age age of 5 years, 44 per cent of whom were boys. Serum was obtained from these patients 
2 years after their recovery from acute epidemic glomerulonephritis occurring in the Red 
Lake Indian Reservation of Minnesota.2 The second group was composed of 52 cases of 
glomerulonephritis which occurred sporadically in the Dallas area. The average age for 
this group was 15 years, with 53 per cent of the cases occurring in males. Serum was ob- 
tained during the acute illness and for periods up to 36 months following recovery. The 
final group consisted of 52 nonnephritie adults who served as normal controls. 


The diagnosis of acute glomerulonephritis in the patients of group Il was suggested 
in all cases by hematuria. The majority also developed edema, hypertension, a rising ASO 
titer, or a combination of these features which established the diagnosis beyond a doubt. 


Antistreptolysin O.—AIll ASO titers were determined by the procedure of Rantz and 
Randall.3 
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Antigens.—The antigens were prepared by the acid-extraction method of Lancefield* from 
4 types of Group A streptococei: 3, 40, 12, and the new provisional Red Lake (RL) type.5 
All organisms were typed as such in the laboratories of Dr. Elaine Updyke at the Communi- 
cable Disease Center in Chamblee, Georgia. The RL and type 12 streptococci were iso- 
lated from patients with acute glomerulonephritis, the RL from a patient in Dallas. The 
cell sediment from an 18-hour growth in 4.5 L. of Todd-Hewitt broth was obtained by cen- 
trifugation, resuspended in 100 ml. N/20 HCl and heated in a boiling water bath for 10 
minutes. After cooling, the suspension was neutralized with 1 N NaOH to a pH of 7.2 to 
7.4. The clear, yellowish supernatant obtained by centrifugation of the neutralized sus- 
pension was stored at 3° to 6° C. after Merthiolate was added to a final concentration of 
1:20,000.* Antigenic activity of these extracts remained stable during refrigeration for a 
period of 4 or 5 months. The extracts were discarded when clouding or contamination 
rendered them unsatisfactory for use in the complement fixation test. 


Antigenic titration was performed with varying dilutions of the extract against a 
1:10 dilution of absorbed sera obtained from two patients with acute glomerulonephritis, 
one following a type 12 and the other a RL streptococcal infection. The type 12 antigen 
was also titrated against a 1:10 dilution of absorbed rabbit antiserum prepared by the 
method outlined in Standard Methods.6 The antigenic unit was the smallest amount of anti- 
gen preventing hemolysis of sensitized sheep cells in the presence of a positive human 
serum, 2 full units of complement, and 2 full units of hemolysin.t Two antigenic units 
were used in the complement fixation test as recommended by Kolmer? whose procedure was 
followed throughout. Because no positive sera were avaibable for titration of the T3 and 
T40 antigens, undiluted extracts were used in the tests. 


Sera.—All sera were absorbed with a streptococcus of a type different than those 
from which the M-protein antigens were extracted in order to eliminate nonspecific reac- 
tions with traces of other antigens which might not have been removed during the acid 
extraction procedure. Absorption was performed by mixing equal parts of serum and a 
suspension of packed cells of heat-killed T2 streptococci, usually in the quantity of 1 ml. 
each. The cells which had been killed by heating for one hour at 56° C. were mixed 
thoroughly with the serum and incubated at 37° C. for 30 minutes, followed by 18 hours at 
3° C8 The serum was separated from the cells by centrifugation (5,000 to 6,000 r.p.m.) 
for one hour. The supernatant serum was transferred to clean test tubes and recentri- 
fuged at the same speed for 30 minutes; this procedure was repeated and the serum then 
inactivated by heating for 30 minutes in a 56° C. water bath. The repeated rapid cen- 
trifugation and complete removal of all absorbing cells effectively avoided the reported 
tendency for absorption to render serum anticomplementary.® 


Technique of Complement Fixation Test.—A quantitative complement fixation test was 
performed according to the method of Kolmer.'¢ Since identical results were obtained 
with the regular and one fifth quantitative methods, the latter has been used more often to 
conserve serum. Tests were considered negative when complete hemolysis was noted in all 
tubes; doubtful reactions were recorded when the first tube (1:4 serum dilution) contained 
a questionable or 1 + turbidity; and a positive test contained at least a 2 + turbidity in 
the first tube. 


RESULTS 


Epidemic Nephritis—Among the unabsorbed sera obtained from the 54 
Red Lake Indian children 2 vears after the epidemic of glomerulonephritis, 53 
fixed complement with a RL extract and 33 did so with the T12 extract. After 
absorption of 33 of the sera with the indifferent streptococcus, T2, 19 remained 


*The addition of Merthiolate may raise the pH slightly and neutralization may be 
required with 1 N HCl. 


+Dried guinea pig complement obtained commercially from Hyland Laboratories and 
Bacto-Antisheep hemolysin from Difco Laboratories were used in all tests after first titrating 
the exact amount to be contained in two full units. 
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positive and 7 doubtful with the RL antigen; whereas 2 were positive and 2 
doubtful with the T12 antigen (Table I). The prolonged antibody response 
in these Indians at Red Lake may be related to the persistence of the RL strep- 
tococcus in the epidemic area and the repeated occurrence of subclinical ex- 
posures during the ensuing 2 years. This is supported by the isolation of the 
Red Lake streptococcus from the nasopharynx of asymptomatic earriers dur- 
ing cultural studies performed at the time the RL sera were obtained. It is 
also possible that antibiotic therapy may have been insufficient to eradicate 
the etiologic agent since the average total penicillin dose of 1.3 million units 


received by the RL nephritice was only 1/10 that given to the average sporadic 
nephritic in the Dallas area. 


TABLE [, RESULTS or C. F. Test UsING UNABSORBED AND ABSORBED SERA FROM 33 RED LAKE 
INDIANS Two YEARS AFTER THEIR RECOVERY FrRoM AcUTE GLOMERULONEPHRITIS 


RED LAKE ANTIGEN | TYPE 12 ANTIGEN 
PATIENT ASO UNABSORBED | ABSORBED SERA | UNABSORBED | ABSORBED SERA 
A.S8. 250 444300* 43+000 442000 
W.S. 125 444000 
M. A. G. 432000 aan 444200 41+000 
L. G. 333 444400 3+0000 444430 - 
P. G. 166 444000 5 421000 
G. H. 333 4444+0 300000 432100 - 
J.M. 333 444400 300000 444100 - 
E. M. 125 444400 400000 3+0000 - 
L. D. 50 442+00 = - - 
A.D. 444000 - 
J.G. 100 442000 442000 441000 400000 
S. D. 250 442000 - - - 
E. S. 166 444300 411000 - ~ 
B. W. 166 43+000 - ~ 
M. H. 250 441+00 - - - 
B.R. 100 444400 4+1000 22+000 - 
M. H. 500 444400 3+0000 - - 
DPB. 442000 400000 + 2 
W. G. 100 443000 411000 ~ - 
H. L. 250 444100 4+0000 443000 x 
B.S. 166 440000 + 200000 - 
H.S. 100 444100 + 444300" ~ 
J. 8. 166 444000 320000 4+0000 
J. K. 333 444400 411000 
A. 166 444100 + 41+000 
J.R. H. 333 444400 441000 433100 + 
J. AL. 250 444300 400000 + - 
V.G. 166 442000 - 400000 “ 
J.G. 100 443+00 4+0000 444100 es 
W.G. 333 444400 443000 444200 = 
R.G. 100 444000 + = ~ 
D. H. 100 444400 410000 444400 = 
F. D. 100 444200 430000 41+000 e 


*1, 2, 3, 4, = 1+, 2+ 3+, or 4+ complement fixation; the series of numbers represents 
the reactions in serial dilutions of sera beginning with 1:4 


Sporadic Nephritis—Unlike the Red Lake sera, the absorbed sera from 
the 52 Dallas nephrities reacted as frequently with the T12 antigen as with the 
RL antigen (Table II). Eleven sera gave a positive reaction when tested with 
either antigen and 13 sera which were positive with one antigen gave a doubtful 
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TABLE Il, ResuLts or C. F. Test USING ABSORBED SERA FROM 52 DALLAS NEPHRITICS 


DAYS AFTER ONSET 


PATIENTS ASO OF NEPHRITIS RED LAKE ANTIGEN TYPE 12 ANTIGEN 
E. P. 500 10 3+0000 442000 
E. B. 50 425 2+0000 + 
M.S. 166 16 200000 42+000 
0. 8. 333 540 + - 
W.C. A. 100 995 ~ “ 
625 60 441000 
A.C. 650 31 4+0000 + 
J.F. 125 100 43+000 + 

D. J. 500 9 3+0000 420000 
O. D. 1,250 28 300000 440000 
H.W. 333 14 + + 
M. B. 625 22 + 
L.C. 333 940 « - 

P. A. 333 26 

RB. 1. Tf. 100 540 213000 
F.R. 125 510 + 210000 
J. M. 125 + + 

S. W. 125 300 - - 
333 10 - 

E. J. 500 17 - - 
P.R. 333 6 200000 400001 
L. R. 625 6 4+0000 bs 
F.R. 100 58 200000 4+0000 
J.W. 250 5 
J.D. 166 21 7 - 
D.D. 166 14 + 

L. 625 20 + 

B. H. 333 14 

C. 8. 333 32 + + 
V. B. 125 21 
F.H. 833 18 4+0000 210000 
O. M. E. 333 23 + 42+001 
M. F. 2,500 18 43+000 444400 
J.8. 500 46 - 

L. H. 250 44 o - 
J.R. 625 18 444300 444440 
E.R. 625 6 + 421000 
B.C. 333 18 300000 
J. M. 2,500 29 444100 444440 
J.D. 500 87 + - 
J.D. C, 333 28 + 200000 
O. M. 333 14 200000 400000 
L. W. 125 6 + + 
M.S. 100 14 - - 
K.8. 250 90 
W.B. 250 109 
B.R.L. 625 57 + 200000 
ALP. 333 90 2+0000 ~ 

S. F. 250 51 + 200000 

J. W. 250 12 + 200000 
F.S8. 625 21 - 420000 


reaction to the heterologous extract. This marked overlap in reaetivity ob- 
tained with these two antigens led to the speculation that a common antigenic 
substance may be shared by those streptococci having nephritogenie proper- 
ties. In order to decide which of the two streptococeal types initiated the in- 
fection serial tests were done in 5 patients over a period varying from 2 weeks 
to a year and a comparison was made of the duration and titer of the antibody 
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response to the 2 nephritogenic streptococci in a given patient (Table III). 
The results demonstrated that one type-specific antibody consistently pre- 
dominated in the sera of a given patient over a period of time. The strep- 


tococeus to which this dominant antibody corresponded was regarded as the 
etiologic organism. 


TABLE IIT. Sertau C. F. Tests Usinc ABSORBED SERA FROM 5 DALLAS NEPHRITICS 


NAME AND ONSET DATE AND 
SERUM DATE ASO TITER TYPE 12 ANTIGEN | RED LAKE ANTIGEN REMARKS!1 
E. P. 9-3-55 
10- 3-55 250 432000 3+0000 Mouse protective 
10-13-55 500 442000 3+0000 and bacterio- 
10-26-55 250 42+000 3+0000 static antibodies 
11- 4-55 333 42+000 100000 to type 12 
12-14-55 333 410000 310000 
4-25-56 166 210000 200000 
7-11-56 250 210000 100000 
10-10-56 250 110000 100000 
M.S. 12-14-56 
12-21-56 166 3+1000 +00000 Mouse protective 
12-27-56 166 340000 100000 and bacterio- 
12-29-56 42+000 200000 static antibodies 
1- 4-57 250 420000 100000 to type 12 
¥. 2-83-55 Red Lake strepto- 
3-21-55 333 000000 441000 coccus isolated 
4-13-55 625 000000 44+000 from throat 
4-21-55 166 000000 4+0000 Mouse protec- 
tive and bae- 
teriostatie anti- 
bodies to RL 
2-9-56 
2-16-56 500 420000 3+0000 Mouse protective 
3- 3-56 333 444000 +00000 and bacterio- 
3-12-56 625 441000 100000 static antibodies 
7-18-56 250 +00000 +00000 to type 12 
O.D. 6-19-56 Mouse protective 
7-11-56 625 410000 000000 and bacterio- 
7-18-56 625 420000 200000 _ Statice antibodies 
7-25-56 1,250 440000 300000 to type 12 


TABLE IV. ReEsSuLtTs or C. F. Test Ustne SERUM FROM A DALLAS NEPHRITIC 
ABSORBED BotH T2 AND T12 STREPTOCOCCI 


(Serum was obtained 6 weeks after onset of sore throat when ASO titer was 625) 


PATIENT J. R. | TYPE 12 ANTIGEN | RED LAKE ANTIGEN 
Serum Absorbed with T2 444440 444300 
Serum Absorbed with T12 000000 430000 


‘The cross reactivity between the two antigens with a given serum raised 
the possibility that the RL and the T12 antigens might be the same rather than 
related. The individuality of the two antigens was established by demonstrat- 
ing the persistence of the RL antibody after removal of T12 antibody by ab- 
sorption with T12 streptococeal cells (Table IV). 
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Reactions With T3 and T40 Extracts—Absorbed sera from nephrities 
were tested with M-antigens of T3 and T40 streptococci. Of the 21 sera tested 
with T3, one was positive (1:4) and two doubtful. All 3 sera which showed 
this weak reactivity with the T3 antigen were strongly positive when tested 
with the T12 antigen. Twelve nephritice sera tested with the T40 antigen all 
gave negative results. 


Normal Persons—Among sera from 52 nonnephrities, 18 of whom had 
ASO titers ranging from 250 to 1,250, 2 contained antibody against the RL 
antigen, and only one against T12. The titers of the positives were only 1:4. 
There was no overlap in reactivity among the positive sera. 


DISCUSSION 


The concept that acute glomerulonephritis is a result of streptococcal in- 
fection has recently evolved to the point where only a limited number of strep- 
tococeal types are considered to possess nephritogenic potentialities. The 
evidence in favor of the existence of only a few types of nephritogenie strep- 
tococci is based mainly on isolation of these streptococci from patients, and 
suffers from the limitation that in nonepidemie areas cultures of many patients 
with nephritis are either negative or yield nontypable streptococci. Among 40 
Dallas cases of sporadic glomerulonephritis in this study, for example, strepto- 
cocci could be isolated from only 20; and of the 14 subjected to typing studies, 
10 were nontypable, 3 were T12, and 1 was type RL. The complement fixation 
test used in this study has been of value, therefore, not only in providing 
further evidence of infection by those streptococci which have been implicated 
in glomerulonephritis, but also in extending it by serologic means to include 
the culturally negative nephrities. While the main objective in this investiga- 
tion has been to provide a serologic method for obtaining such evidence, the 
complement fixation test can also be used to help identify those eases in whom 
the diagnosis of streptococcal nephritis is not clear on clinical grounds. There 
is a striking lack of type-specific antibody to types 12 and RL in nonnephrities 
with high ASO titers despite the fact that 12 predominates among the typable 
streptococci isolated from streptococeal infections occurring in nonnephrities 
in Dallas. 

This difference in type-specific antibody titer in the sera of nephrities and 
nonnephrities might represent a greater tendency for nephrities to react im- 
munologically to the M-antigens, but more extensive study would be needed to 
answer this question. Of greater immunologic importance, however, is the 
finding that nephritics apparently possess antibody to the M-protein of more 
than one nephritogenie type. This would imply an immunologie relationship 
between the nephritogenic M-substanees which can be demonstrated with 
immune sera of infected persons but not of animals inoculated with dead strep- 
toeocci. It remains to be determined whether or not this serologic difference 
depends on an antigenic response unique to infection or to species differences 
(i.e, man versus animal), but it is evident that a common property exists 
which could account for the ability of certain streptococci of different types to 
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induce the same clinical disturbance. Beeause this common feature is anti- 
genie, the possibility exists, therefore, that the mechanism of renal injury 
involves an immunologie process such as hypersensitivity. 


CONCLUSIONS 


1. A complement fixation test has been devised for detecting type-specific 
antibodies to streptococcal M-protein. 


2. The results obtained by application of this test to sera from the Red Lake | 
Indian children indicates that the Red Lake streptococcus is a separate nephrit- 
ogenie type, immunologically different from type 12, is widely distributed 
geographically, and evokes a prolonged immunologie response which provides 
evidence by complement fixation of past nephritogenie infection. 


3. The data obtained by application of this test to the Dallas nephrities 
suggest that nephritogenic streptococci contain a related antigenic substance 
other than the conventionally measured type-specific substance, which pro- 
motes a prolonged, but not indefinite, antibody response. 


4. The lack of reactivity noted when normal sera with high ASO titers 


were tested with the tvpe 12 and Red Lake antigens supports the specificity of 
the test. 


5. The paucity of positive reactions obtained by testing the nephritie sera 


with the T3 and T40 extracts provided further evidence supporting the type 
specificity of the C. F. test. 


6. The nephritics whose sera gave negative results with both T12 and RL 
antigens may have had an infection with one of the other so-called nephrit- 
ogenie types not included in this study. 
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AGENTS ISOLATED FROM PATIENTS WITH BOSTON EXANTHEM 
DISEASE DURING 1954 IN PITTSBURGH 


FRANKLIN A. Neva, M.D.,* Saverto M. Zurrante, M.S. 
PITTSBURGH, Pa. 


GENTS ecytopathogenie for tissue cultures were recovered from feces of 
patients with an unusual exanthematous disease which occurred during 
1951 in Boston.’ More recently another outbreak of a similar illness, for which 
the term Boston exanthem disease has been proposed, occurred in Pittsburgh 
during 1954.2 The disease was observed as a sharp localized outbreak in a 
suburban community, and also in seattered cases from 4 different areas of the 
city. Agents cytopathogenic for tissue cultures were isolated from specimens of 
12 patients in the community outbreak and from 6 of the seattered cases. 

This paper presents additional laboratory studies, not previously reported, 
which are pertinent to the recovery of these agents from exanthem patients in 
Pittsburgh, with reference to optimum specimens and tissues for their primary 
isolation, and tests for neutralizing antibody. Also presented are results from 
attempts to isolate similar agents from patients with other illnesses, and the 
findings of a survey for neutralizing antibodies. 


MATERIALS AND METHODS 


Stool specimens were stored in the refrigerator for 1 to 7 days, or frozen at —15° C. 
for periods of several weeks to 6 months before preparation as 10 per cent suspensions in 
phosphate buffered saline. The suspensions were clarified by centrifugation at 8,000 to 
10,000 r.p.m. for 30 minutes in the cold. Throat and mouth washings were collected in 
modified medium 199% and neutralized with NaHCO,. Blood clots were ground as 50 per 
cent suspensions with sterile alundum in phosphate buffered saline within 24 hours after blood 
was drawn. Pharyngeal washings and suspensions of blood clot were centrifuged at 2,000 
r.p.m. for 20 minutes at room temperature. All suspensions used as inocula for tissue cul- 
tures contained 200 to 500 meg. and units per milliliter of streptomycin and penicillin, 
respectively, and were stored in glass sealed ampules in the dry ice chest if not tested 
immediately. 

Two types of roller tube cultures from tissues of either rhesus or cynomolgus monkeys 
were used primarilyt: monolayer culturest of trypsinized kidney, and plasma clot cultures 
of testicular tissue. Kidney cultures were maintained on medium 199 with 2 per cent 
inactivated horse serum. A mixture of equal volumes of 199 and commercial bovine amniotic 
fluid containing 2 per cent inactivated horse serum and 0.1 mg. per milliliter soybean trypsin 
inhibitor constituted the medium for testicular cultures. All culture media contained 100 meg. 
and 100 units per milliliter of streptomycin and penicillin, respectively. Kidney cultures 
were changed to fresh medium at 3- to 5-day intervals, while testicular cultures were changed 
every 5 to 7 days. For the few experiments in which human kidney tissue} was employed, the 
roller cultures were prepared in the same manner as monkey kidney. 
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All serum samples from suspected exanthem patients were stored at —15° C. Many 
sera from other individuals which were sereened for antibody had been stored at +5° C. 
For neutralization tests all sera, either undiluted or after 1: 2 dilution with phosphate buffered 
saline, were inactivated at 56° C. for 30 minutes. 

A fixed dilution of virus was added to twofold dilutions of serum so that the final 
inoculum of the mixture contained a calculated 10 to 100 tissue culture infective dose 
(TCID,,). Serum-virus mixtures were kept at +5° C. for 1 to 1% hours, after which 0.1 ml. 
of the mixture was added to each of 2 roller tubes. Controls of virus plus buffer solution 


instead of serum were included with each test and in many of the experiments known positive 


serum controls also were included. Pools of infective tissue culture fluid used for neutraliza- 
tion tests were stored in ampules in dry ice and a titration was carried out with each test. 
The acute phase and the convalescent serum from a given patient were tested simultaneously. 
Inoculated cultures were generally changed to fresh media only once during an observation 


period of 10 to 12 days. Further details regarding neutralization tests are included in the 
text. 


EXPERIMENTAL 
Isolation of Agents From Clinical Specimens.— 


From the community outbreak: Stool specimens from 11 clinically diag- 
nosed cases of Boston exanthem disease were tested in cultures of either monkey 
kidney or testicular tissues. Feeal specimens were collected within 2 to 10 days 
after onset of illness. Serially transferable agents, which produced eytopatho- 
genic effects indistinguishable from one another, were isolated from all 11 pa- 
tients. Each isolate was passed at least onee in both kidney and testicular 
cultures with the production of characteristic tvpes of cellular destruction. 


Either throat or mouth washings, collected within 3 days of onset of illness, 
were also available from 3 of the 11 patients whose stools were tested. Similar 
agents were recovered from throat washings of 2 of the eases (Mr. McG. and 
Mr. W.), but mouth washings from the third ease (R. W.) were negative. A 
fourth patient whose throat washings were tested (Mrs. W.), but from whom 
no stool specimen was available, was negative. This patient had a characteristic 
clinical illness and was the only ease of those tested in the community outbreak 
in whom isolation of a eytopathogenie agent was not achieved. 


Recovery of virus from a stool specimen of a family contaet, who also was 
reported to have had a characteristic illness with rash, constituted the twelfth 
isolation of an agent in association with the suburban community outbreak. 


Tsolations from subsequent sporadic cases: Stool specimens from 6 eases 
which oceurred later in 4 widely separated areas of the city were tested in cul- 
tures of monkey kidney tissue. In each instance an agent was recovered which 
produced eytopathogenie changes similar to those isolated from the community 
outbreak. Data summarizing the origin of virus isolations from all the Boston 
exanthem cases in Pittsburgh are presented in Table I. 


Relative susceptibility of several different tissues for primary isolation: 
Most specimens were first tested in roller cultures of monkey kidney, but all 
negative and most positive specimens were also tested in monkey testicular 
cultures. It soon became apparent that testicular cultures were more sensitive 
indicators of the cytopathogenic effects of these particular agents than were the 
kidney cultures. 
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TABLE I, Virus ISOLATIONS AND SERUM NEUTRALIZATION TESTS IN PITTSBURGH PATIENTS 
witH Boston EXANTHEM DISEASE 


SERUM NEUTRALIZATION TESTS* 


VIRUS ISOLATION TITER VS. TITER VS. 
MATERIAL DAY OF PITTSBURGH BOSTON 
PATIENT SEX TESTED RESULT | DISEASE STRAIN STRAIN 


Cases from Community Outbreak 
8S. McG. Feces + No specimens obtained 
D. McG. Feces + + 
16 to 32 
R. McG. Feces + 
16 


Blood elot 
Mr. McG. Throat wash. 
Feces 


Blood elot 
R. Wel. Mouth wash. 
Feees 


Kk. Wel. Blood clot 
Feees 


Mrs. Wel. Blood clot 
Throat wash. 


Blood clot 
Mr. Wol. Throat wash. 
Feces 


Mrs. Wol. Feces 


+40 +0 +00 +++ 


16 
<2 
16 
Feces <2 
16 
Feces <2 
4 to 
None >s 
>32 

Feces 7 No specimens obtained 

Sporadic Cases 
Feces No specimens obtained 


Blood 
Feces 


2 
8 
2 
2 


3 


Feces 


Blood clot 

Feees 

Blood clot <zZ 
Feees 4 to 


Blood clot <2 
Feces No second specimen 


M Blood elot ? 4 4 
Feces g 16 16 


*Done in tissue cultures, using 5 to 50 (TCIDs) of virus. ‘Titers are reciprocal of serum 
dilution before virus was added. Pittsburgh strain was isolated from R. Wel. in 1954. Boston 
strain was isolated during 1951 outbreak in Boston, Mass. 


2 
16 
to 8 
32 
2 <2 <2 
23 8 4 
3 <2 <2 
20 8 to 16 8 
20 8 16 
17 32 16 
2 - 2 
4 4 
Mrs. B. F 28 
Mr. D. M 35 
¥. 2. M 5 
8 
L. L. EF 6 
J. P. F 2 
EF 2/12 
Mrs. J. F 36 | + 5 4 4 
22 8 4 
A. R. F 7/12 
8 
E. N. M 1 <2 
8 8 
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Seven specimens, positive in kidney, were also positive in testicular cultures. 
However, 4 specimens negative in kidney were found positive when comparable 
inocula were tested in testicular cultures. In addition, several other specimens 
produced questionable effects on the first passage in monkey kidney and required 
a second passage for definite cytopathic changes. In either type of culture, 
first evidence of cytopathogenic changes was noted between the third to the 
eleventh day after inoculation. 

The difference in susceptibility between monkey kidney and testis was also 
evident when some specimens were titrated for infectivity in both types of cul- 
tures. Ten per cent stool suspensions from several patients were found to contain 
detectable virus when diluted 10-*°; in general, titers in monkey kidney were 
tenfold to a hundred fold lower than those in testicular cultures. Data on the 
comparative susceptibility of monkey kidney and testicular tissue for primary 
isolation are summarized in Table IT. 


TABLE II. SusScepripiniry OF MonKEY TESTICULAR VERSUS KIDNEY CULTURES TO 
AGENTS ISOLATED FrRoM EXANTHEM PATIENTS 


PATIENT 
AND MONKEY KIDNEY CULTURES MONKEY TESTIS CULTURES 
SPECIMEN INOCULUM | RESULT* INOCULUM | RESULT 
Mr. McG. 0.25 ml. 0.4 mi. 
Blood Clot to 0/5 Positive to 4/4 Positive 
5 tubes 4 tubes 


Mr. McG. 0.1 mi. 
Feces to 0/4 Positive Positive 
4 tubes 3 tubes 


Mr. McG. 5 0.5 mi. 
Throat wash. 1/5 Positive to Positive 
5 tubes 4 tubes 


K. Wel. 0.1 mi. 100 3/3 Positive 0.1 mil. 10-1 2/2 Positive 
Feces at 10-1 0/3 Positive at 10-2 3/3 Positive 
10-2 0/3 Positive 10-3 0/4 Positive 


A. Roh. 0.1 mi. 19-1 1/3 Positive 0.1 ml. 10-1 2/2 Positive 
Feees at 10-2 0/3 Positive at 10-2 3/3 Positive 
10-8 0/3 Positive 10-3 1/4 Positive 


- *Numerator represents the number of cultures showing degeneration; the denominator 
is the number of tubes inoculated. 


Subsequent experiments’ using only slight modifications in nutrient media* 
with cultures of different types of human tissue have revealed the following 
comparisons of susceptibility to these agents: several different strains tested 
in trypsinized cultures of human kidney produce minimal or no obvious eyto- 
pathogenic changes, but further passage in these tissues may increase cytopathic 
effeets. Human foreskin and embryonie skin-muscle cultures are approximately 
equal in susceptibility, either upon primary isolation or after passage. Trypsin- 
ized human amnion cultures show variable degrees of cytopathic changes, but 
are less susceptible than human fibroblasts. Cultures of Hela cells have shown 
no obvious changes up to 12 days after inoculation. 


Attempts to isolate agents from the blood of patients: Frozen suspensions 
of clotted blood from 10 patients, bled on the second to fifth day of disease, 


P) *The media consisted of 90 per cent bovine amniotic fluid, 5 per cent horse serum, and 
5 per cent beef embryo extract. 
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were tested in roller cultures of monkey testis. Inocula per tube varied from 
0.2 to 1.25 ml., and in many instances a further blind passage was carried out. 
An agent similar to those isolated from the feces was recovered from only one 
blood specimen (Mr. McG.). In this instance each of 4 tubes inoculated with 0.3 
ml. produced characteristic changes within 5 to 7 days. It is of interest that 
the blood from the positive case was drawn when the patient had a fever of 
104° F. while all negative bloods were from afebrile patients even though col- 
lected on the second or third day of illness. 


Tests for Neutralizing Antibody.— 


General comments regarding neutralization tests in tissue culture: It has 
been observed previously® that neutralization of the exanthem agents by human 
convalescent serum was difficult to demonstrate unless minimal amounts of virus 
were used in the neutralization mixture. Even when 50 TCID» of virus are 
employed in a neutralization test, the phenomenon of virus ‘‘breakthrough,’’ or 
progressive decrease in titer of a serum is seen with the passage of time. 

The possibility was considered that changing the media of cultures during 
the test might contribute to the incomplete neutralization observed above. 
However, identical tests in which one set of cultures was changed and one set 
was kept with the original medium showed no striking difference in the results. 
Conditions of the test were further modified in an attempt to obtain more com- 
plete neutralization of virus by specific antibody. Incubation of the serum- 
virus mixture for one hour at 37° C. instead of at refrigerator temperature failed 
to enhance neutralization. The use of graded dilutions of virus with a constant 
serum dilution likewise appeared to offer no particular advantage. 

In view of the above enumerated limitations, the only available test at 
present for in vitro neutralization has utilized the criterion of 2 to 3 days’ delay 
in appearance of cytopathic changes afforded by convalescent as compared to 
acute phase or control serum when tested at the same time. Under these condi- 
tions, values of antibody titer are necessarily arbitrary. However, upon the basis 
of numerous tests, presence or absence of neutralizing antibody ean be readily 
determined and reproducible estimates of titer have been possible. 


Neutralizing antibody response in patients: Paired samples of acute and 
convalescent phase sera were available from a total of 16 cases with clinical 
evidence of Boston exanthem disease. Twelve of these patients represented 
eases from the community outbreak, and 4 were later scattered eases. Acute 
and convalescent sera from each case were tested simultaneously for their ability 
to neutralize 2 different strains of virus. One of the strains had been isolated 
from feces of an exanthem patient in Pittsburgh during 1954, the other strain 
originated from feces of an exanthem patient in Boston during the 1951 outbreak. 
Five to fifty TCID,;) of virus were used in the tests. Serologic results, along 
with other information concerning the patients, are presented in Table I. 

The neutralizing antibody response in patients to a Pittsburgh strain as 
compared with a Boston strain showed close agreement. In most eases a fourfold 
or greater rise in antibody titer could be demonstrated to both strains, and only 
one patient failed to show significant development of neutralizing antibody to 
at least one of the strains. In this case (Mrs. J.) antibody was already present 
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in the acute phase serum, but the onset of illness was so poorly defined that 
duration of disease could not be accurately determined. 


Neutralizing antibody response in monkeys*: The development of neutral- 
izing antibody in either cynomolgus or rhesus monkeys could be demonstrated 
after primary intravenous or intracerebral inoculation followed by 2 intramuscu- 
lar doses of infectious tissue culture fluid over a period of several months. This 
was shown with 6 different strains representing isolates from exanthem patients 
in Pittsburgh as well as cases from the first outbreak in Boston. Sera from 13 
normal monkeys were negative for neutralizing antibody when tested at a 1:2 
dilution. Neutralization of heterologous strains with a given monkey antiserum 
has been demonstrated, but the extent of antigenic relationship is still under 
investigation. 


Failure to Associate Exanthem Agents With Other Illnesses—During the 
year preceding the outbreak of exanthem disease cases in Pittsburgh, stools 
from approximately 90 patients with suspected poliomyelitis from that same 
city were studied. These were testedt in cultures of monkey kidney, and 
although a few unclassified cytopathogenie agents were isolated, none resembled 
the agents deseribed herein. During the same season as the exanthem outbreak 
at least 30 feeal specimens from poliomyelitis suspects were likewise negative 
in monkey kidney culture for agents similar to those recovered from exanthem 
patients. 


Negative results for either enteric eytopathogenie viruses or specific neutral- 
izing antibody responses were obtained in the following illnesses: 3 patients 
with roseola infantum, 3 patients with German measles, and 6 patients with 
fever and unelassified skin rashes. Similar studies of 3 patients with vague 
minor illnesses in residents of the same community where cases of Boston exan- 
them disease occurred were also negative. 


Serum Survey for Neutralizing Antibody to Boston Exanthem Agents.— 


Results with gamma globulin: One lot of human immune serum globulin, 
and one lot of gamma globulin from convalescent German measles blood, both 
of recent origin, were tested.t Neither of the lots had detectable neutralizing 
antibody to one of the exanthem strains at dilutions greater than 1:10. Six 
other lots of outdated gamma globulin were also tested; only one of the lots 
showed a detectable level of neutralizing antibody at 1:10, the lowest dilution 
tested. However, these latter preparations may have decreased in poteney with 
prolonged refrigerator storage. 


Results with sera from different age groups: Serum samples collected in 
1953 and 1954 from the Pittsburgh area from patients with poliomyelitis and 
other illnesses were tested for neutralizing antibody to a Boston strain of exan- 
them agent. Each serum was inactivated and tested at a 1:2 dilution with 
50 TCID,;, of virus in 2 roller cultures. 

The results are summarized in Table III. Sinee there was no striking 
difference in ineidence of neutralizing antibodies from sera collected in 1953 

*These experiments were done jointly with Dr. L. James Lewis. 


+Many of these specimens were tested by Dr. Gisela Ruckle in this laboratory. 


tThese lots of gamma globulin were kindly made available by Dr. Johannes Ipsen, 
Institute of Laboratories of the Massachusetts Department of Public Health. 
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as compared to the 1954 specimens, the number tested in each age group 
represent both years of collection. Neutralizing antibody could be demonstrated 
in 5 per cent of the group less than 5 years old, 19 per cent of those 5 to 
15 years old and in only 4 per cent of the group over 15 years of age. Some 
of the sera showed equivocal neutralization. This partial neutralization was 
found in only one or two specimens from either of the younger age groups, but 
7 (15 per cent) of those over 15 years of age gave a doubtful result. Repeat 
tests with a number of the sera showed no change from the original results. 


TABLE IIT. PRESENCE OF NEUTRALIZING ANTIBODY TO BOSTON EXANTHEM AGENT IN 
PITTSBURGH SERA, 1953-1954 


AGE GROUP 


< 5 YEARS 5-15 YEARS > 15 YEARS 
Number tested 39 62 
Number positive 12 


( 
(2.6% ) (3.2%) (15.5%) 


45 
9 


Number doubtful 


DISCUSSION 


The viruses described were readily isolated from the feces of almost every 
Pittsburgh patient with the clinical pieture of Boston exanthem disease. Throat 
washings, in contrast, appeared to be less suitable for recovery of these agents. 
Isolation from the blood was successful in only one of many attempts suggesting 
either that viremia occurs rarely, or that the blood specimens tested were obtained 
too late in the course of the illness. 

The differences of in vitro sensitivity among various tissues must be kept 
in mind if isolation of these agents is attempted. Cultures of monkey kidney 
were adequate in most instances for primary isolation, although they were less 
susceptible than monkey testis. Human kidney cultures showed either no, or 
only equivocal, cytopathic effects. Cultures of human embryonic skin muscle 
or foreskin have shown approximately the same susceptibility as monkey testis. 

Tests for neutralizing antibody in sera from Pittsburgh exanthem patients 
showed essentially the same results when tested with a Pittsburgh strain of virus 
as with a strain representing the earlier Boston outbreak. Thus, close antigenic 
relationship was demonstrated between agents recovered from patients with 
similar diseases that occurred several years apart in two widely separated cities. 

The neutralization test with this group of viruses is still not entirely satis- 
factory. With the methods described, it is possible to obtain fairly reproducible 
evidence of neutralization. However, the factor of incomplete neutralization, 
or virus ‘‘breakthrough,’’ necessitates arbitrary interpretation of the test, and 
constitutes a drawback in serologic work. 


The results of the screening tests for neutralizing antibodies suggest that 
a moderate incidence of exposure to these agents had oceurred during childhood. 
The low incidence of definitely positive sera and the relatively large number 
of doubtful results in the adult age group is more difficult to interpret. How- 
ever, this may indicate a deeline in levels of neutralizing antibody from in- 
fections acquired during childhood, as well as a low incidence of infection in 
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adults. The results of tests for antibody in gamma globulin are consistent with 
the low incidence of definitely positive sera encountered in the sereening of 
adults, and also agrees with the relatively low antibody titers found even in 
recently convalescent patients. 

A high degree of association has been demonstrated between a recognizable 
clinical entity and the specifie agents recoverable from such patients. This 
relationship of agents to disease was found not only in the setting of a localized 
outbreak, but also in seattered sporadic cases occurring in a large metropolitan 
area. The agents isolated from patients with the Boston exanthem disease could 
not be recovered from certain cases of other known or unelassified febrile exan- 
thems, or from many patients with other illnesses which occurred in the same 
area at approximately the same time. A similar association of related or identical 
agents with the same type of illness has been reported previously.* These 
observations strongly suggest an etiologic relationship between this group of 
viruses and the illness referred to as Boston exanthem disease. 

Further information, however, is needed to establish conclusively the etio- 
logic role of these agents. The number of patients who have been studied may 
be insufficient to fully define the range of possible clinical manifestations. It 
is not vet known whether infection with these agents is invariably associated 
with a specifie clinical illness. Finally, the existence of other related agents, 
as yet unknown, cannot be exeluded. For example, it has been found recently’ 
that certain enteric viruses recovered from several patients with aseptic menin- 
gitis that occurred during the first reported epidemic of Boston exanthem disease 
are related immunologically to the viruses described in this paper. The extent 
of immunologie relationship and comparison of other characteristics is under 
investigation. 

SUMMARY 


Study of a 1954 outbreak of Boston exanthem disease in Pittsburgh resulted 
in the isolation of characteristic agents eytopathie for tissue cultures from 18 
patients. The viruses were recovered most readily from the feces, irregularly 
from throat washings, and onee from the blood of patients. Cultures of monkey 
testicular tissue were found to be superior to those of monkey kidney for primary 
isolation. Neutralizing antibody responses in Pittsburgh patients indicated a 
close antigenic relationship of local strains to similar agents associated previously 
with the same type of disease in Boston. Results of sereening tests of various 
age groups for neutralizing antibody are presented. The observations presented 
strengthen the likelihood that these viruses are etiologically related to the Boston 
exanthem disease. 


We are indebted for advice to Dr. Jonas E. Salk in whose laboratory these studies were 
carried out. 
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LABORATORY METHODS 


THE COLLECTION OF LYMPH FROM INTACT PERIPHERAL 
CUTANEOUS LYMPHATICS OF MAN 


Sam A. THREEFOOoT, M.D. 
New ORLEANS, La. 


S PART of a study of the role of the lymphaties in the formation of edema 

in congestive heart failure, a method was developed for the cannulation 

and collection of fluid from intact cutaneous lymphatics of the extremities of 

man. Whereas the chemical content of lymph from animals and from the 

thoracic duct of man has been studied extensively," * there are relatively few 

data concerned with the electrolyte content and lymphodynamies of intact 

lymphaties in the extremities of man. The method presented is applicable to 

these as well as other studies of peripheral lymphatics and lymph under various 
circumstances without severe disturbance of the locale studied. 


MATERIALS AND METHODS 


The lymph channels are first visualized by the intradermal injection of 0.1 ml. sterile 
11 per cent aqueous solution of Patent Blue V* with a 30 gage needle.3-5 This quantity 
produces streamers intense enough for cannulation in 10 to 20 minutes. The longest and 
most intense streamers are most commonly seen on the forearm of normal subjects, whereas 
in edematous extremities there is rapid diffusion of the dye and distinct channels are some- 
times difficult to discern.5 The use of red fluoroscopic glasses facilitates the visualization 
of the blue-stained lymphatics and differentiation from veins. All studies were performed 
after 30 minutes horizontal rest of the extremity at 76° F. and no attempts were made 
to induce or hasten streamer formation by exercise or application of heat to the part.4 

Cannulation is performed counter to the current of flow with either a 23 gage needle 
from which the hub has been removed or a one-inch 30 gage needle modified by removing 
the hub and soldering it into a % inch length of 23 gage stainless steel tubing (Figs. 1, 2, 
and 3). A suitable length of plastic tubing designed to fit snugly on a 23 gage needlet 
is attached as a collecting vessel with a U-tube phlebomanometeré as an aspirator and in- 
diecator of the negative pressure applied. A three-way stopcock permits recompression of the 
bulb, if necessary, without raising the pressure in the collecting system. If a syringe is 
used for aspiration, care must be taken not to exert a pressure so great as to collapse the 
small vessel or draw air into the plastic tubing through the needle puncture site or any 
of the junctions in the system. When this occurs a broken column of fluid is obtained, 
handicapping volume estimation, permitting evaporation from a greater surface area, and 
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Laboratory, Touro Infirmary, New Orleans, La. 
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Fig. 1.—The technique of cannulating a cutaneous lymphatic and collecting lymph. 
The phlebomanometer serves as a regulated aspirator. The 3-way stopcock in the line 
permits recompression of the bulb if the pressure falls due to leakage in the system. The 
insert shows the modified 30 gage needle attached to the collecting tubing and adaptor to 
aspirator. A 23 gage needle with the hub removed can be used as the cannula just as well. 


Fig. 2. Fig. 3. 


Fig. 2.—Collection of lymph from a streamer in the arm of Subject 23D (CHF). This 
picture was taken 70 minutes after injection of the dye and 19 minutes after collection of 
lymph was begun. Stained lymph can be seen in the plastic tubing just above the cannula. 


Fig. 3.—Collection of lymph from the leg of Subject 24 (CHF) illustrating undesirable 


fragmentation of the column of fluid by air pulled into the collecting tubing during forced 
aspiration. 
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increasing the difficulty of expelling the fluid from the plastic tubing (Fig. 3). This is 
rarely encountered when a negative pressure of 200 to 500 mm. of water is applied, but 
the time required to determine whether or not the vessel has been entered is longer. Since 
the rates of flow are small, 5 to 10 minutes should elapse before the investigator assumes 
he is not in the lymphatie and spoils a good cannulation by premature withdrawal of the 
needle. 


If an unbroken column of fluid is collected in the plastic tubing, the quantity can 
be estimated periodically during the collection by measuring the length of the column. Meas- 
urements under controlled conditions showed the relationships of the weight of the fluid 
delivered to the length of a fluid column in the tubing to be 0.25161 mg. per millimeter + 
0.00215 (Fig. 4). For precise measurement of the quantity of fluid delivered for chemical de- 
terminations, the tubing is weighed before and after the fluid is expelled into the desired con- 
tainer, Loss of fluid by evaporation from the open ends of the tubing during the interval be- 
fore weighing may be reduced by drawing the fluid a short distance from the distal end and 
clamping. The rate of evaporation from tubing so clamped was measured at 76° F. and 
found to average 0.6 per cent per hour for a 24-hour period. 


18 
Mean = 0.2516! mgm /mm 
Avg. % Dev. from Mean = *0.854% 


X=|00 PPM PBV 
mEq/! NoCl 


20 3» 40 50 60 70 
Length of Fluid Column - mm. 


Fig. 4.—Relationship of the weight of fluid delivered from the plastic tubing to the 
length of the column of fluid in the tubing (B-D 442 T). Each millimeter of fluid in the 
tubing weighs 0.25161 mg. There were no detectable differences when PBV, sodium chloride, 
or serum was used for calibration. 


In the determination of the electrolyte content of the lymph, contamination of the 
small volume collected has been minimized by expelling the lymph from the plastic tubing 
into siliconed 4 ml. weighing bottles which have been rinsed at least 10 times with triple 
distilled water and dried in room air while covered to protect from dust particles. Triple 
distilled water is also used as the diluent. Concentration of sodium in such samples has 
been determined with a Beckman flame photometer and concentration of chloride by poten- 
tiometric titration with silver nitrate of a 1 ml. aliquot of that diluted for sodium deter- 
mination, evaporated to dryness and redissolved in 0.2 ml. 50 per cent acetie acid.7, 8 


The concentration of radioactive tracers has been determined by delivered onto disks 
for counting.® Pressures within lymphatics have been measured by the Burch technique for 
venous and tissue pressures.1° 
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RESULTS 


The number of experiments, subjects studied, and cannulations is presented 
in Table I. Lymphaties were entered in 62.6 per cent of the attempted can- 
nulations as evidenced by the appearance of the blue-tinged lymph in the tubing 
or at the site of the puncture after withdrawing the needle. In 36 instances 
enough lymph was obtained for gravimetric quantification. In 15 (13 
per cent) of the cannulations blood was obtained from vessels which contained 
dye and which were indistinguishable by inspection from streamers which 
yielded lymph. 


TABLE I. TABULATION OF COLLECTION OF LYMPH 


CONTROLS CHF OBSTRUCTIVE MISC. TOTALS 
ARM | LEG | ARM | LEG | ARM | LEG | ARM | LEG | ARM | LEG | TOTAL 
Number subjects 11 3* 5* 1t 3} 15* 15* 28* 
Number experi- 

ments 1 3 «16 33 
Attempted lym- 

phatie cannula- 

tions 61 
Lymphaties 

entered ‘ : 37 72 
Quantity sufficient 

for measure- 

ment 5 5 22 36 
Blood obtained 

from streamer 2 : 1 5 10 15 


CHF = Congestive heart failure. 
*Two subjects were studied in the leg on one occasion and in the arm on repeated study. 
7Chronic glomerulonephritis, no edema. 


tOne edema, undiagnosed etiology; 1 cirrhosis, edema; 1 myocardial infarction, no 
failure, no edema. 


The rates of collection of lymph, according to the type of subject and size 
of the cannula, are presented in Fig. 5. This figure and the time courses of 
the cumulative collection of lymph from some of the subjects shown in Fig. 6 
illustrate that the rates of collection were greatest and volumes collected largest 
from the edematous legs of subjects with congestive heart failure when a 23 
gage needle was used. The quantities of lymph collected from all subjects 
varied with the duration and rate of collection and ranged from 0.15 mg. to 
19.0 me. 

Twenty-nine samples collected were analyzed for sodium. Values for the 
18 samples analyzed after problems of obvious contamination were alleviated 
are presented in Table II, A. The concentrations of chloride determined by 
the micropotentiometric titration are included in this table. In 9 studies edema 
fluid was obtained directly without cannulating the lymphatics. The volumes 
collected in these instances were of sufficient magnitude to permit standard 
methods of determination of electrolyte or protein content (Table IT, B). 


The concentration of dye in the lymph of 5 subjects ranged from 0.005 to 
6.7 per cent of the concentration injected. In three studies after radioiodinated 
serum albumin* was injected at the same site as the dye, coneentration of I’? 


*Risa, Abbott Laboratories, North Chicago, III. 
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Fig. 5.—The rates of collection of lymph from various subjects with either a 23 or 30 
gage needle. The greatest rates of collection were apparent when a 23 gage needle was 
used to collect from subjects with congestive heart failure. 
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Fig. 6.—The cumulative collection of lymph demonstrating the time course of col- 
lection. A 23 gage needle was used except when noted on this graph. The collection appears 
to be fastest in subjects with congestive heart failure, as indicated by the steeper slopes of 
the lower set of curves. The weight in milligrams has been calculated from the column 
length using the calibration factor 0.25161 mg. per millimeter. 
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in the lymph varied from 0.005 per cent to 2.9 per cent of the concentration of 
the injected counts. Such variations resulted from differences in times of col- 
lection after injection and in distances from the injection site. These factors 
must be controlled before such data can be used to evaluate physiologic in- 
fluenees, such as variations produced by differences in uptake by the lymphaties 
or variations in rates of flow within the vessels. In one subject the concentra- 
tion of dye in blood obtained from what appeared to be lymphatics was 2 per cent 
of the injected coneentration of dye. 


TABLE II, A. ELECTROLYTE CONTENT OF LYMPH 


SODIUM CHLORIDE PROTEIN 
(MEQ./1) (MEQ./1) (GM. %) 
SUBJECT NO. DIAGNOSIS SITE EDEMA | SERUM LYMPH | SERUM | LYMPH | SERUM | EDEMA 
32 Control Arm 0 143.5 148.2 
33 Control Arm 0 140.5 148.2 
43 Control Arm 0 140.0 138.8 106.0 107.3 
46 Control Leg 0 143.5 154.5 
48 Control Arm 0 140.5 138.8 
11-3 Control Leg 0 141.7 138.6 
23D CHE Arm de 131.0 127.9 
in leg 131.0 132.9 
36 CHF Leg 3+ 141.2 187.5 


141.2 145.2 111.0 100.1 
141.2 142.4 


45 CHF Leg 3+ 133.0 128.1 
39A (6/18) Obstructive Leg 0 139.5 150.3 
139.5 135.2 
39B (6/25) Obstructive Leg 3+ 136.7 137.3 
42 Obstructive Leg 4 143.2 153.7 

4 Cirrhosis Leg 3+ 126.5 127.6 95.0 101.9 
126.5 129.2 


TaBLE II, B. ELecTRoLYTE CONTENT OF EDEMA FLUID 


23A (10/4) CHE Leg 4+ 134.0 137.8 97.55 102.5 
134.0 142.5 97.5 105.6 
23B (10/18) CHF Leg 44+ 125.0 129.0 100.6 109.7 
23C (11/14) CHF Leg 4+ 129.2 131.2 88.3 95.9 
23D (12/13) CHF Leg 4+ 1310 131.4 
131.0 131.0 91.1 99.6 5.75 0.54 
19B Obstructive Arm 4+ 144.0 124.5 102.8 107.6 * 
11-1A (1/29) Renal cancer Leg 4+ 131.3 131.3 86.2 95.2 d 
11-1B (1/31) Renal cancer Leg de 133.9 133.0 90.0 95.8 3.82 0.708 
A 2.35 A 0.576 
G147 G0.132 


*Quantity insufficient for demonstration, but was thick, viscous, and yellow fluid. 


On two occasions pressure within the lymphaties was determined with a 
phlebomanometer.'® Beeause of slow flow and the small needles used, lags in 
the determination permitted only an estimate of the pressure within limits of 
20 to 30 mm. of water in a normal subject and 50 to 75 mm. of water in a 
subject with obstructive lymphedema and venous disease. More accurate meth-— 
ods of determination are being adapted for use. 


DISCUSSION 


Although Patent Blue V was used for the visualization of the lymphaties 
in these studies, other dyes ean be employed. Direct Sky Blue,* which has 


*Wyeth, Inc., Philadelphia, Pa. 
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also been utilized satisfactorily in this laboratory, or other methods of visualiza- 
tion of the lymphatics, such as the use of fluorescent substances and ultra- 
violet light," may be preferred by individual investigators. Although most 
of the blue streamers which developed after the injection of Patent Blue V 
were lymphaties, some proved to be blood vessels as demonstrated by the collec- 
tion of blood containing dye and by serial photographs showing intensification 
of the color of small veins as dye entered them.” It is unlikely that this was 
due to the direct injection of venous channels, since from 5 to over 20 minutes 
were required for these vessels to become intensely blue or to develop the 
appearance of lymphatie streamers. These observations indicate that veins 
as well as lymphatics have been included in studies demonstrating ‘‘lymph 
channels’’ and measuring the rates of spread of dye.**'* These studies also 
confirm the suggestion of Kinmonth that Patent Blue V is taken up by venous 
eapillaries."* 

The quantity of data thus far colleeted by this technique is not sufficient 
for interpretative evaluation of the variations observed. There are some ob- 
servations, however, deserving comment. In Table II, A it may be noted that 
some of the values for the concentration of sodium in lymph were higher than 
those in serum. Although a ‘‘eontrol’’ serum was run with each sample of 
lymph there was no assurance against minute undetectable contamination of 
individual beakers used for the dilutions, which would yield results higher than 
the true concentration. Collection of more than one sample from the same in- 
dividual as control of this was possible in some subjects (Table II, A). This 
type of error did not exist in the determination of the coneentration of sodium 
in the serum or edema fluid since relatively large volumes of sample were avail- 
able. 

The rates of collection of lymph illustrated in Figs. 5 and 6 cannot be 
interpreted as indicating rates of lymph flow within the lymphaties since these 
studies were not designed to control all of the factors known to influence these 
rates of collection. The slightly faster rates of collection from subjects with 
edema, however, suggest that the size of the ‘‘lymph pool’’ or elevation of 
tissue pressure and pressure within the lymphatics plays a part in the facilita- 
tion of collection of lymph from edematous extremities regardless of flow within 
the vessels themselves.° Further investigation is designed to study the influence 
of these factors upon the rate of collection and to study rates of flow within 
the lymph vessels. 


SUMMARY 


A method for the cannulation and collection of fluid from the cutaneous 
lymphaties of the extremities of man after visualization of the lymphaties by 
the intradermal injection of a vital dye has been presented. In 33 experiments 
115 lymphatic ecannulations have been attempted. The lymphaties were entered 
72 times, in one-half of which the quantity of lymph collected was sufficient for 
measurement. Blood was obtained on 15 oceasions from streamers which ap- 
peared to be lymphatics, indicating that some studies of visualized lymphatics 
have probably included small venous channels as well. Sinee only a small 
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amount of data concerned with the electrolyte content of lymph has been col- 
lected, no attempt has been made to evaluate differences between subjects. 
It has been pointed out that due to the small volumes of fluid and hazards of 
contamination the possibility of errors in these determinations exists. Concen- 
trations of electrolytes determined by standard techniques on larger volumes 
of edema fluid are presented for comparison. 


. Hudack, 8. 8., and MeMaster, P. D.: 
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Number 


When a small volume of fluid is not a limiting factor, the collection of 


lymph by this technique has potential usefulness in the study of cytologic 
content, transport of erystalloids, colloids or tracer substances, antibody re- 
sponses, or other processes in conditions not necessarily related to edema. 


The technical assistance of Miss Patricia J. Grubbs and Mrs. Mary J. Smith is 


acknowledged. 
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THE DETERMINATION OF SERUM ALBUMIN AND GLOBULIN 
BY A NEW METHOD 


J. R. Desro, A.B., H. Tarver, Px.D., A. Korner, Pu.D.* 
BERKELEY, CALIF. 


INTRODUCTION 


ECENTLY two of us! showed that serum albumin, after precipitation with 

trichloroacetic acid (TCA), is soluble in aleohol. Moreover, albumin with 
similar physical properties to the native material can be recovered from the 
aleoholie TCA solution. The globulins, on the other hand, are completely 
denatured and are quite insoluble in aleoholie TCA. Later it came to our atten- 
tion that the same type of observations had been made previously by Delaville 
and co-workers” * and Levine.* More recently this phenomenon has been in- 
vestigated extensively by Schwert® who showed that the product obtained by 
solubilization in aleoholic TCA retains the same characteristics as albumin with 
respect to electrophoresis, sedimentation, crystallization, solubility, and thermal 
stability. We have made similar observations with respect to the first two of 
these characteristics, some of which we wish to report in this communication. 

These observations make it possible to design a very simple method for 
the estimation of serum albumin and globulin, a method which ean be readily 
adapted to a micro scale without loss of accuracy. This is made possible by 
applying the elegant method of Lowry and co-workers® to the measurement 
of the protein and the albumin solubility in TCA to separate serum albumin from 
the globulins. 

MATERIALS AND METHODS 
Reagents.— 


Trichloroacetic acid: 15 per cent (micromethod). 

Trichloroacetic acid: 1 per cent in 96 per cent aleohol (macromethod). 

Sodium carbonate: 2 per cent in 0.1 N NaOH. 

Copper sulfate: 0.5 per cent CuSO,5H,O in 1 per cent potassium (or sodium) tartrate. 

Alkaline copper reagent: Mix 50 ml. of sodium carbonate reagent and 1 ml. of copper 
reagent. Make fresh each day. 

Phenol reagent: (Folin-Ciocalteau phenol reagent.7) Place 100 Gm. sodium tungstate 
dihydrate, 25 Gm. sodium molybdate dihydrate, 700 ml. water, 50 ml. 85 per cent phosphoric 
acid, and 100 ml. cone. HCl in a 2 liter flask with a glass joint and equipped with a reflux 
condenser. Reflux gently for 10 hours, then add 100 Gm. lithium sulfate, 50 ml. H,O, and a 
few drops of bromine. Boil for 15 minutes under the hood to remove the excess halogen, 
cool, and filter as necessary. ‘Titrate a portion of the reagent with standard base using 
phenolphthalein indicator and, on the basis of the titer found, dilute the total volume so as 
to obtain a reagent 1 N in acid. The reagent should have a clear yellow color. Store in 
a glass stoppered bottle under dust-free conditions. 


From the Department of Physiological Chemistry, 
Medicine, Berkeley, Calif. 
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Albumin standard: 1 per cent crystalline bovine serum albumin* in water. 
Ethanol: 96 per cent. 
Procedure.— 


Macromethod. Total protein: 1. Measure 0.5 ml. of serum into a 10 ml. volumetric 
flask and dilute to volume. 2. Determine the chromogenic value on 10 lambda samples as 
described below. 

Macromethod. Albumin: 1. Dilute 0.5 ml. of serum to 10 ml. with the alcoholic TCA 
solution. Mix well by inversion. 2. Centrifuge down the globulins. 3. Determine the 
chromogenic value on 10 lambda samples of the supernatant. 

Micromethod. Total protein: 1. Wash 10 lambda of serum with a micro pipette into 
approximately 100 lambda of water contained in a 10 ml. volumetric flask. Dilute to 
volume. 2. Determine the chromogenic value on 1 ml. aliquots of the diluted serum. 

Micromethod. Albwmin: 1. Wash 10 lambda of serum into 100 lambda of water. 
2. Precipitate with 200 lambda 15 per cent TCA. 3. Make to 1 ml. with alcohol (96 per 
cent). Shake well. 4. Centrifuge down the globulins. 
on 100 lambda samples. 


5. Determine the chromogenic value 


Development of color: 1. Make the aliquot of the protein containing solution up to 
2 ml. 2. Add 5 ml. of the carbonate-copper reagent. 3. Mix and allow to stand 10 minutes. 
4. Add 0.5 ml. of the diluted Folin-CiScalteu reagent rapidly and mix well. 5. Make a 
reagent blank as above but omit the protein. 6, After 30 minutes read the optical density at 
780 my in a spectrophotometer (or in the Klett with the red filter). 7. Subtract the value of 
the reagent blank from the unknown. 8. Compare with the standard albumin or use a 
standard eurve to determine the protein. 


TABLE I. Errect or TCA AND ALCOHOL ON PROTEIN IN SUPERNATANT* 


ALCOHOL (PER CENT) 


70 90 
TCA NORMALITY OPTICAL DENSITY 
0.312 0.094 0.096 
0.390 0.0845 0.083 
0.468 0.072 0.071 
0.546 0.072 0.072 
0.624 0.072 0.072 
0.702 0.070 0.071 
0.780 0.0715 0.072 
1.0 0.071 0.071 


*To 100 lambda of serum diluted 1 to 10 was added 200 lambda of TCA of the strength 


indicated in the first column. The volume was then made up to 1 ml. Color was generated 
as described in the text. 


TABLE IT. RecOVERY OF ALBUMIN ADDED TO SERUM 


MIXTURE A/G RATIO 
ALBUMIN* SERUM 

NO. (ML. ) (ML. ) CALCULATED FOUND 

1 0.0 0.5 1.00 

; 2 0.25 0.5 1.56 1.55 

3 0.50 0.5 2.11 2.05 

' 4 0.75 0.5 2.66 2.62 
5 1.00 0.5 3.22 3.30 
6 0.0 0.5 1.01 


*Albumin 4.0 per cent. 


RESULTS 


When the amount of TCA or aleohol used in the method is varied over 
quite a wide range, there is little effect on the amount of soluble protein. This 


is shown by the data given in Table I. Rather similar results were reported 
by French workers.” 


*Pentex, Kankakee, Ill. 
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It has also been observed that there is little precipitation of protein when 
the albumin is allowed to stand in the aleoholie TCA solution at room tem- 
perature. The protein is precipitated, however, if the TCA is neutralized. 

When a sera was mixed with different amounts of a standard albumin 
solution and the ratio of albumin to globulin was determined for each mixture, 
the results shown in Table II were obtained. It is seen that the caleulated and 
observed A/G ratios are in all cases very close and quite within the experimental 
error of the method. 

The albumin and globulin in a series of pathologic and normal sera were 
determined both by free electrophoresis in the usual barbiturate buffer at pH 
8.6 and of ionie strength 0.1 at 4° C. in the Amineo-Stern apparatus,* and 
by the micro-TCA method. From the results, given in Table III, it may be 
seen that generally the two sets of results are in good agreement, only one 
sample serum (No. 5) giving values which differ significantly. 


A 


Fig. 1.—A, Electrophoretic patterns of whole serum. B, Albumin isolated by solubilization 
in alcoholic trichloroacetic acid. 


TABLE IIT. COMPARISON OF ELECTROPHORETIC AND Micro-TCA METHODS ON VARIOUS SERA 


PER CENT 
PROTEIN | MICRO-TCA | ELECTROPHORESIS 

SUBJECT TOTAL | ALBUMIN | GLOBULIN | ALBUMIN | GLOBULIN 
1 9.13 4.62 4.51 4.57 4.56 
2 8.56 4.86 3.70 4.67 3.89 
3 6.76 4.15 2.61 4.16 2.60 
4 8.90 4.62 4.28 4.62 4.28 
5 8.00 2.85 5.15 2.40 5.60 
6 6.20 2.90 3.30 3.04 3.16 
7 8.00 2.52 5.48 2.33 5.67 
8 7.57 2.85 4.72 2.75 4.82 
9 6.00 3.10 2.90 3.27 2.73 


We have separated the albumin from larger samples of several normal 
sera by the method indicated, obtaining a solution in alcoholic TCA. The 
albumin was recovered from this solution by dialyzing out the aleohol and TCA. 
In this process a small amount of insoluble protein separated. After removal 
of this material and subjecting the albumin to electrophoresis, only protein 
moving like albumin was found. This is shown in Fig. 1 which shows the dia- 
gram obtained with the original serum, and with the protein soluble in aleoholic 
TCA, and where the small peak is due to the false boundry. Thus the only 


*We are obliged to Professor F. W. Allen for making this apparatus available to us 
and to Dr. A. M. Crestfield for instructions regarding its operation. 
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protein present in a significant amount in the serum, which is soluble in aleo- 
holie TCA, appears to be albumin. At pH 8.5 the mobility is the same as that 
of pure crystalline albumin. However, at pH 5.4 the mobilities appear to diverge 
somewhat. For the crystalline material ascending and descending boundaries 
give mobilities of 3.05 and 3.33 x 10°, respectively, whereas the aleoholie TCA- 
treated material gives values of 2.7 and 2.99 x 10°. 


TABLE LV. CHROMOGENIC VALUES OF SERUM PROTEIN 


Whole serum (human) 2,060 
Mereapt albumin (human) 2,130 
Albumin (bovine) 2,160 
Globulin (human): alpha y 2,130 
beta 2,030 
gamma 2,110 


All values expressed in terms of equivalent extinction coefficient at 780 my, the optical 
density per atom N per liter. 


Source of proteins: mercaptalbumin, Pentex; bovine albumin, The Armour Laboratories; 
Human globulins, Cutter Laboratories. 


We are obliged to J. H. Hink Jr. of Cutter Laboratories for epee d supplying us 
with samples of the various globulin fractions from human sera. 
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Fig, 2.—Optical density of solutions of various serum proteins after generating color by the 
method of Lowry and co-workers. 


The chromogenic values of the different serum proteins have been examined 
and are recorded in Table IV and Fig. 2. The value of the extinction coeffi- 
cient of bovine serum albumin and serum per atom nitrogen per liter at 750 
i is given by Lowry and co-workers’ as 2.05 and 2.12 x 10°° as compared with 
the present values at 780 mp of 2.16 and 2.06 x 10°°. It is quite clear from 
these results that there is little difference between the present results and those 
of Lowry and co-workers® and between the several serum proteins. The close 


similarity in behavior of the proteins studied is shown more clearly still in 
Fig. 2. 
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DISCUSSION 


It is quite evident that the method described for the determination of serum 
albumin is considerably simpler than any of those used at the present time in 
clinical work, and, since it can readily be carried out on a micro scale, it possesses 
considerable merit. Moreover, the method requires a minimum of reagents, 
only one of which is at all difficult to prepare and that one is available com- 
mercially (Folin-Ciocalteu reagent). 


The color reaction used in this method is considerably more sensitive than 
the biuret reaction, and equivalent amounts to color are developed by all the 
serum proteins examined. A linear relationship exists between color developed 
and protein concentrations over a range of at least 25 to 125 yg of protein. 


SUMMARY 


A new micro method is described for the determination of serum albumin 
and globulin which depends on the solubility of the albumin in alcoholic 
trichloroacetic acid. The reagent renders the globulins insoluble by denatura- 
tion. Total protein and albumin in solution are determined by the use of the 
colorimetric method of Lowry and co-workers. 
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A FLUOROMETRIC METHOD FOR THE ESTIMATION OF 
TYROSINE IN PLASMA AND TISSUES 


T. P. WAALKEs, PH.D., M.D., AND S. UDENFRIEND, PH.D. 
BetuHespa, Mp. 


HE reaction between 1-nitroso-2-naphthol and tyrosine, under suitable con- 
ditions, yields a yellow product which has been utilized for the colorimetric 
estimation of tyrosine in biologic material. It has now been found that the 
nitrosonaphthol derivative of tyrosine fluoresces. Measurement of the fluores- 
cence of this derivative endows the procedure of Udenfriend and Cooper’ with 


greater sensitivity and specificity than was obtained in their original colorimet- 
rie method. 


In this report, the fluorometric method is used to determine the amount 
of tyrosine in plasma from fasting patients with different disease states, as 
compared to the amount of the amino acid found in the plasma of normal fast- 
ing controls. A few of the patients selected had diseases in which it was 
thought that an alteration in tyrosine metabolism might occur. The survey 


is not intended as a critical analysis of tyrosine plasma levels, but rather to 
demonstrate the method and its application. 


MATERIAL AND METHODS 
Reagents.—1-nitroso-2-naphthol: 
in 95 per cent alcohol. 
Nitric acid reagent: 
NaNO,. 


Procedure.—The chemical method is the same as that previously reported. (1) One 
milliliter of plasma is diluted to 4 ml. with water, and 1 ml. of 30 per cent trichloro- 
acetic acid is added. After ten minutes, the mixture is centrifuged. To 2 ml. of the 
deproteinized plasma, in a glass-stoppered centrifuge tube, are added 1 ml. of the nitroso- 
naphthol reagent, and 1 ml, of the nitric acid reagent. The tube is stoppered, shaken, and 
placed in a water bath at 55° C. for thirty minutes. After cooling, 10 ml. of ethylene 
dichloride is added, and the tube is shaken to extract the unchanged nitrosonaphthol re- 
agent. After the tube is centrifuged, the supernatant aqueous layer is transferred to a 
cuvette and read in the spectrophotofluorometer. The fluorescence of the tyrosine deriva- 
tive, resulting from its activation at 460 my, is measured at 570 mz. 

Plasma was obtained from the blood of patients and of normal individuals who 
had fasted overnight but had not had any other dietary restrictions, Heparin was added as 
an anticoagulant. Duplicate plasma samples and a tyrosine recovery sample were run 
through the entire procedure with tyrosine standards and a reagent blank. 

The Aminco-Bowman spectrophotofluorometer was used for measurement of flu- 
orescence and for recording of activation and fluorescence spectra. 


0.1 per cent 1-nitroso-2-naphthol (practical grade) 


24.5 ml. of 1:5 nitric acid is mixed with 0.5 ml. of 2.5 per cent 


RESULTS 

In Table I are shown the actual readings obtained on the spectrophoto- 
fluorometer at the fluorescence peak of the tyrosine-nitrosonaphthol deriva- 
tive. Values are shown for tyrosine standards, plasma, and for samples of 


From the National Heart Institute, National Institutes of Health, Bethesda, Md. 
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TABLE I. Direct READINGS TAKEN FROM THE SPECTROFLUOROMETER FOR THE NITROSO- 
NAPHTHOL DERIVATIVE OF TYROSINE IN A PLASMA SAMPLE, STANDARD 
TYROSINE, AND TYROSINE ADDED TO THE PLASMA 


FLUOROMETER READING 


TYROSINE RECOVERY* 


SAMPLE DUPLICATES | AVERAGE ( PER CENT ) 

Plasmat 51 

51 51 nie 
Plasma + 5 y tyrosine 68 

70 69 100 
Plasma + 10 y tryosine 86 

84 85 98 
Plasma + 15 y tyrosine 96 

98 97 91 
5 y tyrosine 18 

18 18 
10 y tyrosine 35 

37 36 
15 y tyrosine 56 

56 56 — 


*This is calculated on the basis of the expected reading, obtained by adding together 


the individual readings for plasma and the tyrosine standard. 
fOne milliliter of plasma was taken for assay. 


TABLE IIT, Fasting PLASMA TYROSINE LEVELS IN NORMAL PATIENTS AND IN PATIENTS WITH 


VARIOUS DISORDERS 


TYROSINE 
DIAGNOSIS PATIENT NUMBER (y/ML. OF PLASMA) 
Normal adult 1 12.1 
2 12.4 
3 11.6 
4 11.9 
5 10.3 
6 12.9 
7 13.0 
Essential hypertension 8 11.9 
9 14.8 
10 9.9 
Hypertension, congestive heart failure, 

mild diabetes 11 12.2 
Hypertension, obesity 12 13.1 
Arteriosclerotic heart disease 13 15.0 

14 15.2 
Rheumatoid arthritis 15 11.2 
16 11.6 
7 11.0 
18 8.3 
19 13.1 
20 10.1 
21 9.0 
Rheumatoid spondylitis 22 8.3 
23 13.1 
Lupus erythematosus 24 9.9 
Pheochromocytoma 25 8.0 
8.4* 
12.3¢ 
Malignant carcinoid 26 9.7 
27 14.7 
Hyperthyroidism 28 14.2 
13.2* 
Malignant melanoma 29 10.3 
30 6.8 
9.5* 


*Repeat analysis on a sample obtained at a later date. 


tRepeat analysis on a sample obtained after removal of the tumor. 
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the same plasma to which tyrosine had been added. The recovery of the ap- 
parent tyrosine in plasma plus that added ranged from 91 to 100 per cent 
when compared to the total amount expected. Recoveries of 91 per cent or 


better, caleulated in the same way, were also obtained with all the plasma 
samples used in the studies shown in Table LI. 
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Fig. 1. Fig. 2. 


Fig. 1.—Activation spectra for the nitrosonaphthol derivative of tyrosine from (1) 
standard solutions, (2) plasma alone, and (3) plasma plus 10 y of tyrosine standard. 


. Fig. 2.—Fluorescence spectra for the nitrosonaphthol derivative of tyrosine from the 
identical samples used for Fig. 1 


In Fig. 1 are shown the activation spectra of the tyrosine-nitrosonaphthol 
derivative from standard tyrosine solutions, from plasma alone, and from the 
same plasma to which 10 y of tyrosine standard had been added. Fig. 2 shows 
the fluorescence spectra for the samples used in Fig. 1. It is apparent that 
the nitrosonaphthol derivative from plasma has fluorescence characteristics 


identical with authentic tyrosine, being activated at 460 mp and fluorescing 
at 570 mp. 


Fasting plasma tyrosine levels in patients with specific diseases and in 
seven normal controls are shown in Table II. Levels in the seven normal in- 


dividuals ranged from 10 to 13 y per milliliter of plasma. A few of the pa- 
tients exhibited levels above or below this range. 


DISCUSSION 


Fluorometric methods of analysis are of value because of their great sensi- 
tivity as compared to other methods of assay of biologie materials. Using the 
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recently developed spectrophotofluorometer,? the sensitivity of the nitroso- 
naphthol method for tyrosine, as described here, is greatly increased in com- 
parison to its colorimetric assay. For example, to read the samples in the 
plasma filtrates (10 to 15 y) the speetrophotofluorometer was employed at a 
sensitivity setting which is actually a fraction of what could be utilized. It 
has been found that 1 y or less of tyrosine can be measured by the procedure 
outlined in this method. In comparison, for a sample containing 10 to 15 y 
of tyrosine, the optical density obtained in the Beckman spectrophotometer is 
only about 0.050, near the limits of its useful range. Moreover, the specificity 
of the fluorometric method is demonstrated by the similarity of the activation 
and fluorescence spectra of the nitrosonaphthol derivatives obtained with 
plasma filtrates and with authentic tyrosine. In contrast, the absorption spectrum 
of the nitrosonaphthol chromophore from plasma differs considerably from that 
of the standard tyrosine derivative... The colorimetric method, as applied to 
plasma, is not specifie although it has been shown to be more specific than other 
chemical methods for tyrosine assay. 


The fluorometric method does not distinguish between tyramine and 
tyrosine; nor does the colorimetric assay. However, the amount of tyramine 
normally present in tissues is negligible, if present at all, and none is found in 
plasma. 

Although some of the values for plasma from patients with specifie dis- 
eases were above or below the normal range (10 to 13 y per milliliter), an in- 
sufficient number of determinations was done to make any conclusions from 


the data. The values for tyrosine in human plasma found here agree well 
with those previously reported using a microbiologic method.® 


The method ean probably be applied to other biologie materials in ad- 


dition to plasma. It should be particularly useful in studies where great 
sensitivity is required. 


SUMMARY 


A fluorometric method for tyrosine assay has been described. The spec- 
ificity and sensitivity of the method are discussed, and its application to the 
determination of tyrosine levels in human plasma has been shown. 
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ESTIMATION OF URINARY CATECHOL AMINES BY MEANS OF A 
STRIP OF RABBIT AORTA AS AN AID IN THE DIAGNOSIS 
OF PHEOCHROMOCYTOMA 


Oscar M. PH.D. 
INDIANAPOLIS, IND. 
WITH THE TECHNICAL ASSISTANCE OF R. M. SANDERS 


N INCREASED urinary output of epinephrine and norepinephrine in 

pheochromocytoma has been verified both by bio-assay’* and by chem- 
ical methods. We have found, as have Furehgott and Bhadrakom,’ that 
spirally cut strips of thoracic aorta of rabbits are admirably suited for the 
qualitative and quantitative assay of epinephrine and norepinephrine. Con- 
sequently, when asked to perform an assay for catechol amines on urine from 
a patient suspected of having a pheochromocytoma, urine was tested on the 
aortic strip. When 0.2 ml. of unfractionated urine was added to the muscle 
chamber, a maximal contraction occurred. An equivalent amount of urine 
from a normotensive individual caused only an insignificant shortening. From 
this response, it appeared that this technique might be useful for sereening 
patients with hypertension for the possible presence of a pheochromocytoma. 
In this report the experience with this technique is presented. 


MATERIALS AND METHODS 


Spirally cut strips of rabbit thoracic aorta are prepared as described by Furchgott 
and Bhadrakom.5 Rabbits weighing 4 to 6 pounds are killed by a blow on the head, and 
bled by severing the blood vessels in the neck. The descending thoracic aorta is removed 
and placed in a Petri dish containing Krebs bicarbonate solution® at room temperature. 
Excess fat and connective tissue are trimmed off. The whole length of aorta is then cut 
along a close spiral. Strips of approximately 40 to 45 mm. in length (unstretched) are 
used for the assay. The strips are mounted in a muscle chamber of 20 ml. capacity with 
the aid of stainless steel hooks. The muscle chamber assembly is illustrated in Fig. 1. 
The bath is maintained at 37.5° C. The strip is bathed with Krebs bicarbonate solution 
containing 0.2 per cent glucose. Through this solution, both in the muscle chamber and 
reservoir bottle, 95 per cent O, and 5 per cent CO, is bubbled to maintain the pH of 7.4. 
The isotonic lever is adjusted to give a ninefold amplification and counterweighted to exert 
4 Gm. tension on the strips. The contraction is recorded on ‘‘Waxer’’ paper (Gorrell and 
Gorrell) by means of a heated stylus attached to the lever. A small vibrating motor is 
clamped to the rod holding the lever to eliminate any friction of the stylus on the paper. 
Collection and Preservation of Urine-——Immediately after the urine has been voided, it 
is adjusted to pH 3.0 by the addition of HCl to prevent inactivation of the catechol amines. 
Von Euler? has found that even after 15 days at room temperature at pH 1 to 3 catechol 
amines in urine are not appreciably inactivated. We have found that when kept in a 
frozen state, catechol amines in urine at pH below 3 maintain activity for over a year. 


From the Lilly Laboratory for Clinical Research, Indianapolis General Hospital, In- 
dianapolis, Ind. 
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Since it is sometimes difficult to obtain 24-hour urine specimens in an open ward or 
outpatient department, the small amount of urine needed for assay with the aortic strip 
method makes it possible to collect urine over a shorter period. Most of the assays reported 
in this paper have been done on urine collected over a 2-hour period. If the samples are 
not assayed at once, an aliquot is stored in a frozen state. 


CHAMBER 
20 ML. CAPACITY 


AORTIC STRIP 


37°C. BATH 


TO DRAIN 


Fig. 1.—Muscle chamber assembly for aortic strip. 


Assay Procedure.—The strip is not used for assays until maximal sensitivity to norepi- 
nephrine or epinephrine is attained. This usually oceurs after 2 or 3 additions of 0.05 to 
(.1 wg of norepinephrine to the chamber. With these doses, contractions of 21 to 44 mm. 


are obtained. The time required for the strip to reach maximal responsiveness is about 
1% hours. 


In order to compensate for differences in urine volume, an amount of unfractionated 
urine equivalent to that excreted in 0.1 to 0.2 minute is added directly to the muscle cham- 
ber from a tuberculin syringe fitted with a needle long enough to dip below the surface 
of the solution in the chamber. The plunger is moved back and forth 3 times to insure 
proper mixing. 

Test substances are washed out of the chamber within 1 to 2 minutes after maximal 
contraction is attained. 


RESULTS 


Qualitative Assay.—In Fig. 2 is shown an example of an assay of urine for 
catechol amines. Unfractionated urine equivalent to that exereted in 0.1 min- 
ute was added to the muscle chamber. The specimen from a patient suspected 
of having pheochromocytoma caused a strong contraction; whereas an equiva- 
lent amount of urine from a normotensive subject or from a patient with essen- 
tial hypertension produced no shortening of the muscle strip. The specificity 
of the test was shown by the addition of 0.1 mg. Regitine (phentolamine meth- 
anesulfonate) to the muscle chamber and the retesting of the urine from the 
patient suspected of having pheochromocytoma. In the presence of Regitine, 
this urine was inactive. The strip was also unresponsive to norepinephrine. 


Votoms 29 URINARY CATECHOL AMINES IN PHEOCHROMOCYTOMA 739 
Since the constrictor activity of angiotonin is not abolished by adrenolytic 
agents, angiotonin was added to the muscle chamber in order to test the via- 
bility of the strip. The resulting contraction indicated that Regitine did not 
have an injurious effect. 

Since normal urine contains hydroxytyramine in addition to epinephrine 
and norepinephrine (von Euler, Hamberg, and Hellner*), the possibility that 
this catechol amine might influence the assay had to be considered. Hy- 
droxytyramine behaves like epinephrine and norepinephrine in two respects. 
First, a factor in urine enhances the ability of each of these agents to cause a 
contraction of the strip; second, Regitine also inactivates it. However, hy- 
droxytyramine is only about one-fiftieth as active as norepinephrine on the 
rabbit aorta strip and should have little effect on the assay. 


100 
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Fig. 2.—Assay of unfractionated urines for catechol amines on strip of rabbit aorta, 
1, 0.5 mg. Versene + 0.15 wg norepinephrine; 2, normal urine equivalent to 0.1 minute; 3, 
urine from a patient with essential hypertension equivalent to 0.1 minute; 4, pheochromocy- 
toma urine equivalent to 0.1 minute: 5, Regitine (100 we); 6, pheochromocytoma urine 
equivalent to 0.1 minute; 7, 0.5 mg. EDTA + 0.15 wg nonepinephrine; 8, 0.5 unit angiotonin. 
Ordinate, record of contraction in millimeters. Lever amplifies contraction 9 times. 


Additional evidence that hydroxytyramine does not interfere with the 
assay was obtained by the use of Marsilid (iproniazid*), an amine oxidase in- 
hibitor. This agent markedly potentiates the contraction produced by both 
tyramine and hydroxytyramine. It has only a slight effect on epinephrine or 
norepinephrine on the strip. The addition of Marsilid to the muscle chamber 
has not enhanced the contraction produced by either normal urine or urine 
from patients with pheochromocytoma so far tested. 

Weil-Malherbe® recently described a patient with pheochromocytoma in 
which the urinary exeretion of hydroxytyramine was increased as much as, 
or more than, the exeretion of noradrenaline. The addition of Marsilid to 
the bath would be useful in detecting such eases. 


Further indications of the specificity of the ‘est are demonstrated in Fig. 
3, in which a urine from a patient with pheochromocytoma was assayed before 
and after the removal of the tumor. The preoperative urine specimen caused a 
strong contraction ; the postoperative sample gave the same response as a urine 
from a normotensive subject. Identical results were obtained with urines col- 
lected before and after operation from 4 other patients. 


*I wish to thank Dr. Elmer L. Sevringhaus of Hoffmann-La Roche, Inc., for kindly 
supplying the Marsilid (iproniazid) used in this study. 
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Quantitative Assay of Pheochromocytoma Urine.—For screening hyperten- 
sive patients for the possible presence of a pheochromocytoma, a quantitative 
assay is not in most instances necessary. The difference between the contrac- 
tion produced by urine from patients with essential hypertension and proved 
cases of pheochromocytoma that have been assayed in this laboratory has been 
obvious. The amount of urine equivalent to 0.1 to 0.2 minute of the former 
group of patients causes only an insignificant contraction, whereas with the 
latter group, an amount of urine equivalent to 0.02 to 0.1 minute has caused 
a strong contraction. However, between the two extremes are a group of pa- 
tients whose urine causes a shortening of the muscle strip that is definitely 
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Fig. 3.—Contraction of aortic strip induced by urine from a patient with pheochromocy- 
toma before and after removal of tumor. 1, Normal urine equivalent to 0.1 minute; 2, pre- 
operative urine equivalent to 0.1 minute; 3, postoperative urine equivalent to 0.1 minute; 
4, 0.3 we norepinephrine; 5, 0.2 ug norepinephrine. 
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Fig. 4.—Ability of urine to enhance contraction produced by epinephrine. 1, 0.1 ug 
epinephrine; 2, 0.05 ug of epinephrine; 3, 0.1 ml. normal urine; 4, 0.1 ml. normal urine + 
0.05 pug epinephrine. 


more than that produced by average normal urine but not as much as that 
from proved cases of pheochromocytoma that we had examined early in our 
studies. In order to make a better interpretation of the results of the assay 
of such urines, a quantitative assay has been done on all urines that cause a 
definitely greater contraction than normal urine, as well as urines from a: 
group of normotensive subjects. 


There is a factor in urine which greatly enhances the contraction produced 
by epinephrine and norepinephrine (Fig. 4). This enhancement is similar to 
that produced by ethylenediaminetetraacetic acid (EDTA). Therefore, the 
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catechol amine content of urine cannot be assayed directly against these con- 
strictor agents. In the quantitative assay of urines from patients with pheo- 
chromocytoma, norepinephrine with the addition of 0.5 mg. of EDTA to the 
bath has been used as a standard. It is also possible to substitute for the 
EDTA an amount of normal urine equivalent to that of the pheochromocytoma 
urine being assayed. The low catechol amine content of the normal urine 
would not interfere in assays of urines from patients with pheochromocytoma 
with high catechol amine values. 

In Fig. 5 is shown an example of a quantitative assay of a urine from a 
pheochromocytoma patient. In this instance the urine being assayed was 
bracketed by known concentrations of norepinephrine; in other eases an exact 
match of the unknown and the standard was achieved. 

In order to check the validity of the quantitative assay of urines which 
had a high catechol amine content, such urines were injected intravenously in 
a pithed cat to compare their pressor activity to that of norepinephrine. 


100 


75+ 


2 3 

Fig. 5.—Quantitative assay of urine from patient with pheochromocytoma. 1, 0.5 mg. 
EDTA + 0.2 we norepinephrine; 2, 0.04 ml. of pheochromocytoma urine; 3, 0.56 mg. EDTA + 
0.25 wg of norepinephrine. Calculated value—5.6 wg per ml. 

In Table I is shown a comparison of the aortic strip and pressor assay of 
3 urines, 2 of high catechol amine content, and 1 which is definitely higher than 
normal but not as high as the proved cases of pheochromocytoma in our series. 
The assays of the more active urines were in good agreement by both methods. 
For the assay of these urines in a cat, amounts of urine equivalent to only 0.17 


to 0.27 minute were required to produce rises in arterial blood pressure of 38 
to 24 mm. Hg. 


TABLE I, COMPARISON OF THE AORTIC STRIP TECHNIQUE WITH Direct PRESSOR ASSAY IN 
CATS FOR THE DETERMINATION OF THE CATECHOL AMINE* CONTENT OF UNFRACTIONATED URINE 


STRIP ASSAY PRESSOR ASSAY 
PATIENT (“G/ML. ) (“G/ML. ) 

M.C. 5.7 5.0 

M.S. 0.8 0.9 

T. 1.0 0.27 


*Expressed as norepinephrine. 


With the urines of a lower catechol amine content, the pressor assay gave 
a much lower value than that obtained on the strip. An amount of urine equiva- 
lent to 1.85 minutes gave only a 14 mm. rise in blood pressure. With the larger 
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amount of urine required, the lower value obtained in the pressor assay is prob- 
ably due to the presence of kallikrein, an enzyme in urine which acts on the 
alpha-2 globulin fraction of plasma to form a depressor polypeptide, kallidin.’” 

Assays have been done on 560 urines from patients with elevated arterial 
blood pressure. Many of the urines were sent by mail from hospitals in other 
cities. In Table II are recorded the results of the quantitative assay of urines 
of 10 patients in whom the presence of pheochromocytoma has been proved by 
operation in 9 and by post mortem in 1. In 9 of these patients, the catechol 
amine content was more than 18 ng per hour. The highest value found was 
396 wg per hour. One patient of the paroxysmal type, who had a positive hista- 
mine test, exereted only 8 wg per hour. The blood pressure of this patient at 
the time of urine collection was not recorded. After the removal of the tumor, 
only about 1 to 2 ng of eatechol amines per hour were found in the urine. 


TABLE II. UrtnARY EXCRETION OF CATECHOL AMINES, EXPRESSED AS NOREPINEPHRINE OF 
PATIENTS IN WHOM THE PRESENCE OR ABSENCE OF A PHEOCHROMOCYTOMA WAS 
VERIFIED BY OPERATION 


PATIENT | uG/HR. | TUMOR+OR-_ | PHARMACOLOGICAL TESTS 
M. C. 396 + Regitine + 

P.D. 302 + Not done 

D. M. 144 7 Regitine +, Histamine - 
M. 8. 107 + Regitine + 

J.E. 98 7 Not done 

F. G. 96 Regitine + 

J. Sh. 37 Regitine + 

M. B. 30 + Not done 

18 Regitine + 

P.B. 15-22 - Regitine + 

R. K. 15 7 Regitine + 

A.F. 8 + Histamine + 


In addition to these patients 3 others were found who excreted 33 to 65 
pg of catechol amines per hour. At this time these patients have not been sub- 
jected to an operation. 


The average value of urinary catechol amines in 11 healthy laboratory 
workers was found to be 3.6 ug per hour with a range of 1.6 to 6.6 ng. Be- 
tween these figures and the definitely elevated values found in the proved 
cases of pheochromocytoma during a phase of elevated pressure was a group 
of 6 patients with catechol amine concentrations in the urine which ranged 
from 12 to 22 pg per hour. Surgery was performed on 2 of these patients; in 
neither was an adrenal tumor found. 


One of the patients (R. K.) had a blood pressure which varied between 
110/70 and 180/120; she excreted 15 pg of catechol amines in 2 samples of 
urine submitted 2 months apart. When Regitine was given to her at a pres- 
sure of 180/120, there was a fall in blood pressure to 120/70. This patient 
weighed 235 pounds. Another patient (P. B.) with a fixed elevation of pressure, 
who had a positive Regitine test on two occasions, had urinary catechol amine 
values ranging from 15 to 22 wg in 3 urine samples. A tumor was not found in 
this patient on exploration of the abdominal eavity. 
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Five patients who did not have an elevated catechol amine content in their 
urine have been subjected to operation or have had a post-mortem examina- 
tion. In none of these patients was a pheochromocytoma found. 

The value of adding Regitine to the bath to test whether the contraction 
produced by a urine being assayed is due to a catechol amine was demonstrated 
conclusively in a specimen obtained from a diabetic patient. Two specimens 
of urine which were mailed to this laboratory caused a strong contraction of 
the strip. The contraction was not abolished by Regitine.* A kidney extract 
containing cathepsins destroyed the constrictor substance in this urine, indicat- 
ing the presence of a polypeptide, perhaps kallidin, which stimulates smooth 
muscle preparations.’° 

The Effect of Therapeutic Agents on Assay.—Chlorpromazine, hydralazine, 
and adrenolytic agents, when added to the aortie strip, will prevent the con- 
striction produced by epinephrine and norepinephrine. Consequently, if pa- 
tients are receiving these medications, there is a possibility that the excretion 
of these substances in the urine might interfere with the assay. Two urines 
that were assayed abolished the contraction produced by norepinephrine. One 
of the patients was receiving hydralazine. Information was not received on 
the therapy of the other patient. The urine collected 414 hours after a Regitine 
test inhibited norepinephrine; that collected after 714 hours had no such 
effect. 

Urine obtained from patients treated with reserpine, ganglionic blocking 
agents, or barbiturates did not interfere with the assay. 


DISCUSSION 


The estimation of catechol amines in urines by means of a spirally cut 
strip of rabbit aorta appears to be a useful adjunct in the diagnosis of pheo- 
chromocytoma. It has these advantages. Since such small amounts of un- 
fractionated urine are required for the assay, only a 1- to 2-hour urine sample 
need be collected. If urines are adjusted to pH 3.0 or below, they ean be stored 
in a refrigerator or in a frozen state until it is convenient to assay them. The 
method is rapid. With one strip, urines of normal catechol amine content can 
be sereened at the rate of 5 to 6 an hour. The method has also proved use- 
ful as a confirmatory test in the diagnosis of pheochromocytoma. 

In most of the proved cases of pheochromocytoma reported in this paper, 
the catechol amine content of the urine was so high a quantitative assay was 
not necessary. With values of 20 »g per hour or higher, false positives would 
be unlikely. 

On the other hand, it is quite possible that in patients of the paroxysmal 
type, an elevated content of catechol amines might not be found, particularly 
between attacks. This possibility is emphasized by Litchfield and Peart on the 
basis of an interesting case they described recently.1: These authors concluded 
from the findings in this case that although the assay of catechol amines in 


*The urine from this patient was also sent to Dr. Marcel Goldenberg for a chemical 


assay for catechol amines. This laboratory did not find an elevated content of epinephrine 
or norepinephrine. 
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the urine is probably the most reliable test for confirming the diagnosis of 
pheochromocytoma, proper caution should be exercised particularly in patients 
with paroxysmal hypertension. Between attacks the urinary catechol amines 
can be normal or only slightly elevated. In Litchfield and Peart’s case, even 
after an attack, it was difficult for them to say that a significant increase in 
urinary pressor amines occurred. They feel that it is necessary to abide by 
the clinical diagnosis especially if a typical attack of hypertension with pal- 
lor is observed. A provocative histamine test should prove very helpful in 
such eases. 

Patient A. F. in our series represents a similar situation. The urinary 
catechol amine value of 8 »g per hour would not be high enough over that 
found in some healthy individuals to warrant the diagnosis of pheochromo- 
ceytoma. In this case, the positive histamine test and clinical picture were more 
definitive. After the operation, catechol amine value was reduced to about 
one-fifth the preoperative value, a spread as great as that reported for normal 
individuals. 


SUMMARY 


The use of a muscle bath, employing a spirally eut strip of rabbit aorta 
for the determination of catechol amines in the urine has been described. It 
has proved to be useful for screening patients with hypertension for the pres- 
ence of a pheochromocytoma. Only small amounts of unfractionated urine, 
equivalent to that excreted in 0.1 to 0.2 minute, are required for the assay. 


I wish to thank the many physicians who sent us urines for assay and Miss Helen 
Wagoner for help in preparing the manuscript. 


REFERENCES 


. Engel, A., and von Euler, U. 8.: Diagnostic Value of Increased Urinary Output of Nor- 
adrenaline and Adrenaline in Phaeochromocytoma, Lancet 259: 387, 1950. 

. Goldenberg, M., and Rapport, M. M.: Nor-epinephrine and Epinephrine in Human 
Urine (Addison’s Disease, Essential Hypertension, Pheochromocytoma), J. Clin. 
Invest. 30: 641-642, 1951. 

. von Euler, U. 8.: Increased Urinary Excretion of Noradrenaline and Adrenaline in 
Cases of Pheochromocytoma, Ann. Surg. 134: 929-933, 1951. 

Goldenberg, M., Serlin, I., Edwards, T., and Rapport, M. M.: Chemical Screening Meth- 
ods for the Diagnosis of Pheochromocytoma. I. Nor-epinephrine and Epinephrine 
in Human Urine, Am. J. Med. 16: 310-327, 1954. 

. Furehgott, R. F., and Bhadrakom, 8.: Reactions of Strips of Rabbit Aorta to Epi- 
nephrine, Isopropylarterenol, Sodium Nitrite and Other Drugs, J. Pharm. & Exper. 
Therap. 108: 129-148, 1953. 

. Krebs, H. A., and Henseleit, K.: Untersuchungen iiber die Harnstoff-bildung im Tier- 
kérper, Ztschr. physiol. Chem. 210: 33-66, 1932. 

. von Euler, U. 8.: Noradrenaline, Springfield, Ill., 1956, Charles C Thomas. 

. von Euler, U. S., Hamberg, U., and Hellner, 8.: 8-(3:4-Dihyroxyphenyl) Ethylamine 
(Hydroxytyramine) in Normal Urine, Biochem. J. 49: 655-658, 1951. 

. Weil-Malherbe, H.: Phaeochromocytoma—Catechols in Urine and Tumor Tissue, Lancet 
271: 282-284, 1956. 

Werle, R.: The Chemistry and Pharmacology of Kallikrein and Kallidin, Polypeptides 
Which Stimulate Plain Muscle, edited J. H. Gaddum, Edinburgh and London, 1955, 
E. & 8S. Livingstone, Ltd. 

. Litchfield, J. W., and Peart, W. 8.: Pheochromocytoma With Normal Excretion of 

Adrenaline and Noradrenaline, Lancet 271: 1283-1284, 1956. 


1 

3 

4 

( 

‘ 
1¢ 
l 


A NEW TECHNIQUE FOR DIFFERENTIATION OF HEMOGLOBIN 


ABNER R. Rosrnson, M.S., Marcaret Rosson, B.S., ANN P. Harrison, B.S., 
AND W. ZueEuzer, M.D. 
Detroit, MIcH. 


HE detection of small amounts of a hemoglobin component in the presence 

of large amounts of another hemoglobin by means of paper electrophoresis is 
difficult. This problem has been particularly evident with respect to the deter- 
mination of fetal hemoglobin. Chemically, the Singer 1-minute alkali resist- 
ance method! is unreliable at low levels; the more refined techniques are labori- 
ous and may give erroneous results in the presence of carbon monoxide hemo- 
globin.2 Also, the identification of alkali resistant hemoglobin by free elec- 
trophoresis is difficult and requires considerable care. 

The long known but little used agar gel electrophoresis medium seemed 
to us to offer some hope of separating the fetal component. Gordon and asso- 
ciates* have demonstrated the separation of hemoglobin from ferritin, and 
Bussard and Perrin* have used agar as a supporting medium for serum pro- 
tein separation. The present method was first devised with the intent of pro- 
viding an easy, clear-cut method of separating fetal (alkali resistant) hemo- 
globin. However, during the course of its development it proved to be valu- 
able in detecting and quantitating both alkali resistant and other hemoglobins. 
The method requires very little additional care than paper electrophoresis in 
operation and when used in conjunetion with paper electrophoresis provides a 
means of distinguishing between hemoglobin D and hemoglobin S. 

The method has been applied to artificial and naturally occurring mixtures 
of hemoglobins A, F, S, D, and C. The components A, F, 8, and C gave char- 
acteristic separations (Fig. 1), whereas D did not separate from A (Fig. 5). 


METHODS AND ‘MATERIALS 


Hemoglobin Solutions.—Hemoglobin solutions were prepared by washing 3 times with 
isotonic saline, and lysing with distilled water and toluene. The solutions were allowed 
to stand overnight in the refrigerator and then centrifuged at 3,000 r.p.m. The clear hemol- 
ysate was then removed with a needle and syringe. All samples were run as oxyhemo- 
globin. The carboxyhemoglobin was first used but no difference in the pattern could be 
detected from that obtained with oxyhemoglobin samples. 


Paper Electrophoresis.—The paper patterns were obtained using a veronal buffer, pH 
8.6, ionic strength 0.05, in the apparatus described by Zuelzer and associates.5 Time of run 
was 16 hours at 7 Ma. and 250 volts. 

Exchange Chromatography.—The fetal hemoglobin preparation was carried out using 
TRC 50 resin and a citric acid-citrate buffer as described in the method of Prins and Huisman.¢é 
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Solubility.—The solubility determinations were made using the method of Itano.? 

Agar Electrophoresis.—The separation of hemoglobin using agar as a media was achieved 
as follows: a 1 per cent agar solution* was prepared using a citric acid-sodium citrate buffer, 
pH 6.5 and 0.05 M. (The buffer was prepared by dissolving 147 Gm. of sodium citrate [2 
H,O] in 600 ml. of H,O, adjusting to pH 6.0 with concentrated citric acid solution, and dilut- 
ing to a liter. This was the stock buffer solution. The buffer was prepared for use by dilut- 
ing the stock solution, 1 part stock solution plus 9 parts water, and adjusting to pH 6.2 with 
citric acid solution.) The agar was heated until clear and then allowed to cool until just 
above the gelling point and then poured on a 4 by 10 inch thin glass plate which had filter 
paper wicks placed on each end and allowed to gel (approximately 25 ml. of solution is ade- 
quate). When the agar had cooled to room temperature samples of hemoglobin solution 
were introduced in the gel in the following manner: slits approximately % inch long 
were made in the gel across the end of the plate with 144 inch between the slits. A small strip 
of filter paper was then soaked with hemoglobin solution of approximately 10 Gm. per 100 
ml, concentration and inserted in the slits. The entire plate was coated with a plastic by 
spraying with Krylon.t This is essential to prevent drying of agar during electrophoresis. 

The plate was placed in a paper electrophoresis apparatus previously described5 which 
contained the same buffer as used to make up the agar solution. A current of 20 Ma. and 
350: volts (supplied by a Heath Kit) produced good separation in 16 hours. 


Fig. 1.—Typical agar plate pattern, with samples of hemoglobins F, A, AC, and AS. 


The hemoglobins under these conditions migrate toward the cathode as would be ex- 
pected at this pH. However, as can be seen in Fig. 1, the order of separation is not the 
same as that found in free electrophoresis at pH 6.2, since alkali resistant hemoglobin 
migrates fastest with hemoglobins A, 8, and C following in that sequence. This is the re- 
verse of the order found in free electrophoresis but very similar to the manner in which 
hemoglobins separate on the IRC 50 resin column of Prins and Huisman.6 This order would 


indicate that the separations are due to a combination of adsorption and electrophoretic 
effects. 


The agar plates may be stained by stripping off the plastic coating and staining with 
Amino-Schwartz 10B in a methyl alcohol, water, and acetic acid solution (50:50:5) for 20 
minutes followed.by careful washing with 2 per cent acetic acid solution. After staining 


*Bacti-Agar, Difco Laboratories, Detroit, Mich. 
7Manufactured by Krylon, Inc., Norristown, Pa. 
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and washing, the plates are dried at room temperature. The agar adheres to the plate like 
photographie emulsion and gives a low background when read in a densitometer. Quanti- 
tation by this means yields results comparable to that obtained on paper. 


RESULTS 


Fig. 1 illustrates the typical separations obtained using hemolysates from 
known samples of F, A, AC, and AS hemoglobins. The F sample (cord blood) 


Fig. 2.—Comparison of (A) paper electrophoresis, and (B) agar electrophoresis in a family 
study of sickle-cell thalassemia. 


had been found to have 87 per cent alkali resistant hemoglobin. As can be 
clearly seen, the pattern of the F sample demonstrates the presence of a small 
amount of A which paper electrophoresis had failed to show. The A, AC, and 
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Fig. 4.—Comparison of small components using (A) paper electrophoresis, and (B) agar 
plate method, 
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AS samples contained between 1 and 2 per cent alkali resistant hemoglobin. 
As ean be seen in the illustration, A, S, and C are clearly separated and a spot 
appears in the F position with an intensity comparable to the percentage of 
alkali resistance obtained by the chemical method. 


A second faint spot, visible on agar in the A, AC, and AS samples just 
ahead of the A position, has not been identified as yet but was present in many 
samples examined. In the A and AC patterns there was also an increased 
density in the S position. This was reproducible and occurred in only a few 
specimens. The authors have as yet been unable to determine whether this 
represents sickle hemoglobin, another hemoglobin with a mobility similar to 
sickle, or an artifact. However with the increasing reports in the literature® ® 
of minor components in normal hemoglobins, these small amounts of hemo- 
globin or hemoglobin-like substances merit attention. 


Fig. 2 demonstrates the use of the agar method in a family with sickle 
thalassemia disease in two members. 


Case Report.—T4 was a 12-year-old boy whose blood sickled on smear and who had a 


large number of target cells. His hemoglobin was 2 Gm. per 100 ml. and his R.B.C. was 
800,000. 


T5 was a 16-year-old girl whose blood sickled on smear and had a large number of 
target cells. Her hemoglobin was 9 Gm. per 100 ml. and her R.B.C. was 4,100,000, hemato- 
crit 31 per cent, and reticulocytes 2.2 per cent. 


The blood of the father (T3) was that of a typical sickle trait; the blood of the 
mother (T2) manifested thalassemia minor. 


Comparing agar patterns with paper patterns it was seen that T4 and T5 
on paper showed predominantly S with only an indication of F, while on agar 
T5 clearly showed A and F, and T4 showed a faint indication of A with a dis- 
tinct spot for F. The hemoglobin F is very clearly separated. Chemically T5 
had 10 per cent, and T4 15 per cent alkali resistant hemoglobin. This may not 
appear so from the illustration, but the T4 hemolysate was very weak (3 Gm. 
per 100 ml.) as compared to T5 whose hemolysate was 10 Gm. per 100 ml. This 
was unavoidable as T4 was severely anemic. T3, the father, clearly demon- 
strates the presence of A and S with a small amount of F (1 per cent alkali 
resistant). The mother (T2) and sibling (T1) possessed only A with less than 
1 per cent alkali resistant. Again good agreement existed between the inten- 
sity of the F spot and alkali resistance determined chemically. 

The concentration of hemoglobin in the hemolysate was found to be sig- 
nificant. Fig. 3 illustrates the effect of lowering the hemolysate concentration. 
Sample W was A with 2 per cent alkali resistant hemoglobin and an hemolysate 
of 11 Gm. per 100 ml.; sample X was A with 1.8 per cent alkali resistant hemo- 
globin with an hemolysate of 6 Gm. per 100 ml.; sample Y was A with 2.9 per 
cent fetal, hemolysate 3 Gm. per 100 ml.; sample Z was A with 56 per cent 
alkali resistant hemoglobin and an hemolysate of 2 Gm. per 100 ml. 

It can be seen from this illustration that variation of the hemolysate con- 
centration from 6 to 10 Gm. per 100 ml. causes little difficulty in the recogni- 
tion of minor components. However when the concentration was dropped to 
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3 Gm. per 100 ml., the F component was not discernible. The necessity of main- 
taining the hemoglobin concentration at the proper level is more clearly dem- 
onstrated in sample Z where the A component is barely discernible. It should 
also be noted that with increasing amounts of hemoglobin, the spot increases 
in the direction of movement. Note the difference between the A component 
in samples Y and X. If the concentration is increased too much or if too large 
an amount of hemolysate is introduced onto the plate, an ‘‘overload’’ pattern 
develops in which a single spot migrates from the A to the F position and all 
intermediate details are obliterated (see Fig. 4, sample IV). 
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Fig. 5.—lIllustration of differences in behavior of hemoglobin D and hemoglobin S on (A) agar, 
and on (B) paper electrophoresis. 


Fig. 4, sample [, obtained from a newborn infant, showed the presence of 
A- and C-like components, demonstrated on agar when not detectable on paper. 
This sample contained 94 per cent alkali resistant hemoglobin when tested by 


A. 
A F 
so 

B. 
Fis 


rome DIFFERENTIATION OF HEMOGLOBIN 751 
chemical methods and appeared as a single spot on paper. The confirmation 
of the actual presence of A and C must await the disappearance of the fetal 
hemoglobin and the appearance of the adult hemoglobin in this infant. 

Sample II was shown on paper to contain S and C, the alkali resistance 
tested chemically was 1.6 per cent and the sickle preparation was positive. 
When tested on agar the presence of distinet spots in the A and F positions 
was noted. 

Sample III appeared as a single component, S, on paper. The patient’s 
erythrocytes sickled on smear. The hemoglobin showed 1 per cent alkali re- 
sistance. No signs of thalassemia were manifested. On chemical and genetic 
grounds this individual was thought to have sickle-cell anemia. When sample 
IIL was analyzed on agar a faint spot was visible in the A position in addition 
to a spot in the F position. Thus, it would appear from samples II and III 
that an A-like component does occur in the SC combination and that appar- 
ently pure S may also be accompanied by an A-like component (as in sample 
III). 

Sample IV was hemoglobin A and illustrated what happened when the 
agar is overloaded with hemoglobin. 

Fig. 5 demonstrates the behavior of D. As was clearly shown by the pa- 
per patterns, samples D and ‘‘D”’ separated into two spots in the A and § posi- 
tions. Both samples were likewise shown to have peaks in the A and § posi- 
tions in free electrophoresis using pH 6.5, 0.1 ionie strength, cacodylate buffer. 
The samples were tested for solubility by the Itano method’ and found to have 
solubilities identical with that of an AD mixture. As ean be seen in Fig. 5, on 
agar a single spot in the A position was found. D, thus, did not separate from 
A. However, 8, in an AS combination, did clearly separate. 

This method in conjunction with paper electrophoresis provides a means of 
identifying D in the presence of S without testing for solubility. 

The method has also been employed on samples of hemoglobin AG. It was 
found that G separated in a position just slightly ahead of S. Unfortunately 
illustrations of this effect are not available. It is hoped that more samples of 
the now known types of hemoglobin will become available to us for testing by 
this technique. 

DISCUSSION 


The agar technique has been employed for the detection of both small and 
large amounts of alkali resistant hemoglobin. The concentration detected 
varied from less than 1 per cent to 94 per cent. The ability of the method to 
detect very low concentrations of alkali resistant hemoglobin and yet maintain 
good agreement with chemical determinations make the method a useful tool. 
In the development of the method, however, its ability to separate major com- 
ponents, and, on the other hand, to show the presence of small components of 
other hemoglobin-like substances has further inereased its value. Indeed in 
the light of the possible genetic implications, these findings of an A-like sub- 
stanee in the SC combination and in the S homozygote, may be the method’s 
most valuable aspect. 
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The additional demonstration of the failure of the method to separate 
D from A provides, when taken in conjunction with paper electrophoresis, a 
means other than the solubility for demonstrating the presence of this hemo- 
globin. 


SUMMARY 


The technique as described here has provided a means of clearly demon- 
strating the presence of alkali resistant hemoglobin electrophoretically. We 
are also able to separate hemoglobins A, S, and C in a manner comparable to 
that obtained by paper electrophoresis. The method is unable to separate D 
from A but when used in conjunction with paper electrophoresis and the 
sickling technique thus provides another characterization of D. 


At least one other component is demonstrated in normal blood which as 
yet has not been identified. The appearance of minor components in normal 
and abnormal blood in the position of known hemoglobins and in intermediate 
positions awaits further investigation and application of this method. 
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THE LABORATORY DETERMINATION OF PEPSIN IN GASTRIC JUICE 
WITH RADIOACTIVE IODINATED ALBUMIN 


ArtTHuR P. Kuiorz, M.D.,* anp Metva R. DuvaLL** 
Kansas Crry, Kan. 


HE determination of pepsin in gastric juice is not a routine laboratory 
procedure. Occasionally pepsin determinations have been performed to 
estimate expected progress in the healing of known peptie ulcer.’ Little clinical 
attention, however, is given to gastric pepsin currently since the main attack 
of uleer therapy is in neutralization of the free acid in the stomach. 

When pepsin determinations are performed in the laboratory today, the 
hemoglobin method is the procedure most frequently used. This method usually 
involves diluting the gastric juice sample in order to decrease the pepsin con- 
centration to the sensitivity range of the test. This dilution factor introduces 
a variable in peptie activity that must be taken into account in estimating the 
concentration of the enzyme.” * 

A simple, direct method of measurement of peptic activity on routine gastric 
analysis samples ean be performed with radioactive I**'-labeled albumin. This 
procedure is described below. It compares favorably with the established hemo- 
globin method of pepsin assay and it provides a clinical estimate of pepsin con- 
centration in the gastrie juice of the patient being tested. 


MATERIALS AND 


METHODS 


Gastric juice is obtained in the usual manner of gastric analysis in the fasting patient. 
A Levin tube is passed and the fasting residual is removed and saved. Thereafter, four 
15-minute fractions of gastrie juice samples are collected by constant hand suction. This series 
of 5 specimens constitutes the basal gastric analysis. The juice is centrifuged to spin out 
solid particles and mucus, and the volumes are measured. 

One milliliter of radioactive iodinated albumint of known specific activity of approxi- 
mately 0.03 we/ml. and 1 ml. of 6 per cent bovine albumin as a carrier are added to an 
8 ml. test tube. The pH is adjusted to 2 by the addition of 3 ml. of Sgrensen’s buffer. 
(Sgrensen’s buffer: 7.51 Gm. of glycine and 5.85 Gm. of NaCl in one liter of water added 
to one liter of 0.1 N HCl.) One milliliter of the clear centrifuged gastric juice is then added 
and the mixture is incubated at approximately 37° C. for 15 minutes. 

Following incubation, 1 ml. of 50 per cent trichloroacetic acid (TCA) is added. The 
precipitate is centrifuged and the clear supernatant is decanted into tube 1. The remaining 
precipitate is washed once in 5 ml. of 7 per cent TCA, spun down, and the solution decanted 
into tube 2. (Seven per cent TCA is used in this step since it compares with the concentration 
in the original sample when 50 per cent TCA has been added to it.) The fixed precipitate 
is dissolved in the third tube with 0.2 N NaOH and all 3 tubes brought up to the same level 
and counted for one minute in a Nancy Wood scintillation counter. The second tube con- 
taining the wash solution is counted 3 minutes because of its low activity. The sum of the 
activity of the supernatant fluids is a measure of enzymatic action on the radioactive iodinated 
albumin substrate. The per cent of activity is calculated by dividing the total count, 
*From the Department of Medicine of the University of Kansas Medical Center, Kansas 
City, Kan., and the Radioisotope Section and Research Laboratory, Veterans Administration 
Hospital, Kansas City, Mo. 


**From the Radioisotope Service and Research Laboratory, Veterans Administration 
Hospital, Kansas City, Mo. 


jRisa, Abbott Laboratories, North Chicago, III. 
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ineluding the count of the precipitate, into the sum of the counts of the supernatant fluids 
and multiplying by 100. A standard curve of reference is made by the use of 2 X crystallized 
pepsin*® with concentrations extending over a range of 0.1 mg. through 5.0 mg. The activity 
of the unknown can be read directly from this (Fig. 1). The per cent of recovery is 
synonomous with the per cent of activity. 


60 


STANDARD CURVE 
PEPSIN CONCENTRATION 


% Recovery 
> 
° 


o5 1.0 20 25 3.0 35 40 
Mg Pepsin 


Fig. 1.—Standard curve with use of 2 X crystallized pepsin. 


Since pepsin concentrations in gastrie juice are usually high, the procedure can be 
considerably shortened without interfering with the validity of the test by performing only 
one step after incubation. In this short method, trichloroacetic acid is added after incubation 
and the supernatant fluid from centrifugation is counted. A blank of 1 ml. of iodinated 
albumin brought to an equal volume serves as the control and the per cent activity is 
ealeulated from this. (Table I.) 


TABLE I. COMPARISON OF RESULTS OF DETAILED METHOD WITH ABBREVIATED METHOD 


ALTERNATIVE 
DETAILED METHOD OF PEPSIN ASSAY WITH RADIOACTIVE IODINATED ALBUMIN METHOD 
PER CENT MG. PEPSIN/ML. PER CENT (MG. PEPSIN/ML. 
SAMPLE ACTIVITY GASTRIC JUICE ACTIVITY GASTRIC JUICE) 


1 53.0 0.85 52.8 0.84 

2 42.4 0.43 43.5 0.44 

3 41.7 0.43 41.7 0.43 

+ 23.5 0.13 23.5 : 

5 39.8 0.38 40.8 

6 15.3 0.05 15.3 

7 30.0 0.19 30.0 

8 48.9 0.67 50.2 

9 30.3 0.19 30.7 
10 39.6 0.36 39.3 
11 
12 
13 
14 
15 


53.8 0.88 52.8 
41.5 0.43 43.2 
36.2 0.27 34.9 
60.3 1.24 60.3 
28.8 0.18 27.5 


RESULTS 


This procedure as described using 1 ml. of gastric juice has been used in 
hundreds of determinations of pepsin in gastrie juice samples obtained by routine 


*Nutritional Biochemical Corporation, Cleveland, Ohio. 
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basal gastric analysis. A typical example of one such patient study is shown in 
Table II. Some comparative values with the hemoglobin method on ‘‘ unknowns”’ 
of gastric juice are shown in Table III. 


TABLE III. CoMPARISON OF PEPSIN ‘‘ UNKNOWNS’’ BY HEMOGLOBIN AND ISOTOPE METHODS 


NUMBER OF ‘‘UNKNOWN’’ | HEMOGLOBIN METHOD | 1131 METHOD 
0.05 mg. pepsin 0.04 mg. pepsin 
0.08 mg. pepsin 0.06 mg. pepsin 
0.10 mg. pepsin 0.07 mg. pepsin 
0.75 mg. pepsin 0.79 mg. pepsin 
0.12 mg. pepsin 0.08 mg. pepsin 


TABLE IV. IncREASING SENSITIVITY WITH DECREASE IN CONCENTRATION OF 6 PER CENT 
ALBUMIN CARRIER 


2.5 MG. CRUDE PEPSIN WITH VARYING AMOUNTS PER CENT 
OF 6 PER:CENT ALBUMIN CARRIER ACTIVITY 


33.7 
34.4 
39.8 
45.9 
46.9 
55.2 
60.2 


PH and Peptic Activity 
| Mg. Pepsin 


Per Cent Activity 


Fig. 2.—Influence of pH on peptic activity as determined by the isotope method, 


DISCUSSION 


Gastrie juice usually has a high pepsin concentration which may not be 
appreciated clinically. The measured enzyme activity in milligrams of pepsin 
of one cubic centimeter of gastric juice determined by the method described and 
multiplied by volume provides an estimate of the total enzyme output in the 
15-minute sample being tested. Standardization of the pepsin curve used in 
this method is simple and values are read directly from percentage of activity. 
The procedure can be applied to any routine clinical gastric analysis sample. 


1.0 ml. 
0.9 ml. 
0.8 mi. 
0.6 ml. 
0.5 ml. 
0.3 mi. 
0.1 mi. 
55 
50 
45 
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5; 2 3 4 5 
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Since enzyme activity in gastric juice is in a concentration that usually 
requires dilution of the juice for the hemoglobin method, it is advantageous to 
perform determinations on an undiluted sample. If increased sensitivity of the 
test for smaller amounts of pepsin comparable to the hemoglobin method is 
desired, this can be achieved by decreasing the concentration of the bovine 
albumin carrier as shown in Table IV. 

The pH of gastrie juice in vivo is found to vary from time to time through- 
out the day in fractional samples and enzyme activity in such instances varies 
with this change in pH. Adjusting to a constant pH, however, reveals the 
potential peptie activity of the juice being sampled. Reference to peptic 
activity at inereasing pH as shown in Fig. 2 reveals peptic activity at pH 
values higher than 2 and as high as 3.5 to 4. A pH range this high necessarily 
means the absence of free acid in the stomach, but this does not mean the com- 
plete cessation of peptie activity in the stomach. This may have some influence on 
the healing of peptic ulcer. It has been reported that pepsin is formed from a 
solution of crystalline pepsinogen after incubation at a pH as high as 4.65,* 
and according to Somers,® it forms from pepsinogen at a pH of 5.1. An in 
vivo pH of 3 or higher, therefore, does not totally eliminate peptic activity. 


There seems to be no clinically effective pepsin inhibitor used in peptic 
uleer therapy today. Reported suppression of activity is most probably due 
to an inerease in pH with some concomitant decrease in peptic activity.* For 
complete inhibition of peptic activity by antacid management a constant gastric 
pH above 4.65 would seem to be necessary. Achievement of this high a gastric 
pH is not the case in the usual uleer management employed today. 


SUMMARY 


A simple method for direct measurement of gastric juice peptic activity is 
deseribed. 

The procedure can be used in all routine gastric analysis samples and may 
be of clinieal interest in providing an estimate of total gastric pepsin output. 


Clinically significant peptic activity may be present in gastric juice. in the 
absenee of free acid. 
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THE USE OF CHICKEN ANTISERUM FOR THE RAPID 
DETERMINATION OF PLASMA PROTEIN COMPONENTS 


II. THe Assay or HuMAN SERUM OROSOMUCOID 


Morris GoopMAN, Pu.D., Davin S. Ramsey, M.S., L. Srmpson, M.D., 
AND MICHAEL J. BRENNAN, M.D. 
Detroit, MicH. 


INTRODUCTION 


HE rapid turbidimetric procedures developed for the measurement 

of human serum albumin and gamma globulin by the use of chicken anti- 
sera’ have now been extended to the assay of a number of other human pro- 
teins. These inelude fibrinogen, transferrin, a beta lipoprotein, a heat labile 
alpha-2 glycoprotein of large molecular weight,? two small molecular weight al- 
pha-2 glycoproteins,*® and orosomucoid.t A major effort has been devoted to 
the determination of orosomucoid whose serum levels are being followed 
serially in a large number of cancer patients. The orosomucoid-chicken anti- 
orosomucoid system was found to be a somewhat different immunochemical 
system than those previously studied.!. The present paper describes the opti- 
mal conditions for carrying out the orosomucoid assay and compares the serum 
levels of orosomucoid in normal and cancer subjects. 

Orosomucoid* is a low molecular weight protein of acid isoelectric point®* 
which resists coagulation by heat and precipitation by acids such as sulfo- 
salicyclie or perchloric but which does precipitate in phosphotungstie acid. It 
is a major constituent of the ‘‘seromucoid’’ or serum ‘‘mucoprotein’” fraction 
and exhibits a polarographic wave. Serum mueoprotein concentrations, as 
estimated chemically, increase in a number of pathologie states and have been 
extensively investigated in ecancer.®: '°"* Orosomucoid, in contrast to the sero- 
mucoid fraction, is homogeneous both chemically® * and immunochemieally’’ 
and probably represents a single biologic entity. Consequently, it was felt 
that the specific measurement of orosomucoid might provide a more meaningful 
index for the evaluation of clinical state than the chemical estimation of a 
heterogeneous fraction.*® 

MATERIAL AND METHODS 

Orosomucoid was prepared from fraction (Fr) VIt of pooled human plasma by a modi- 

fication of the method of Weimer and associates.6 In a typical preparative run 10 Gm. of 


Sieh From the Detroit Institute of Cancer Research and the Henry Ford Hospital, Detroit, 
ch. 


Supported in part by institutional grants to the Detroit Institute of Cancer Research 
from the American Cancer Society, Inc., the American Cancer Society, Southeastern Michigan 
Division, and The Kresge Foundation. 


Received for publication May 8, 1957. 
*Synonyms for this protein are: M-1 protein.’ MP-1 protein,® and acid glycoprotein.’ 


+This fraction was generously provided to us by the Blood Products Section of the 
Michigan Public Health Service, Lansing, Mich. 


758 


ame ? ASSAY OF HUMAN SERUM OROSOMUCOID 759 
Number 


lyophilized Fr VI were dissolved in 100 ml. of distilled water. Saturated (NH,).SO, (4.1 
M) was added to a concentration of 2.57 M. The precipitate was removed by centrifuga- 
tion and the pH lowered to 4.9. After overnight standing at 4° C. the next precipitate was 
centrifuged off. The pH was lowered to 3.7 and the (NH,).SO, concentration to 2.05 M. 
The new precipitate that formed after overnight standing at 4° C. was removed. Solid 
(NH,).SO, was then added to the solution until full saturation was reached. The pH was 
maintained at 3.7, After several days standing at 4° C., the crude orosomucoid precipitate 
was recovered by centrifugation. The packed precipitate was dissolved by the addition of 
27 mi. of distilled water. To the 45 ml. of solution that resulted, 78 ml. of sat. (NH,).SO, 
was added. The pH was adjusted to 4.9, and the precipitate that formed after overnight 
standing at 4° C. was centrifuged off. The pH of the supernatant was lowered to 3.7. This 
time the (NH,).SO, concentration was not reduced. Processing was then carried through 
as before. The final orosomucoid precipitate after recovery by centrifugation was dis- 
solved, exhaustively dialyzed against distilled water, and lyophilized to yield 2 Gm. of 
material. The centrifugation steps were all carried out in the cold at 8,000 to 12,000 r.p.m.* 
The preparation had less than 1 per cent contaminants as determined by antisera to albumin 
and to the alpha-2 glycoproteins of Fr VI. It was also homogeneous by electrophoresis 
and ultracentrifugation and possessed the expected physicochemical constants.?+ Orosomu- 
coid preparations of less purity could be detected during the recycling by the greenish color 
of the pH 3.7 supernatants, Cautious fractional addition of sat. (NH,),SO, then sufficed 
to salt out the contaminants. 

During the current studies, 31 healthy hens, 6 to 12 months of age and of various 
breeds, underwent immunization. Antibody responses were quite variable by each of the 
injection schedules followed. The highest percentage of usable sera were produced by a 
schedule in which each bird received intramuscularly into 4 spots an injection of 200 mg. 
of orosomucoid well mixed with aluminum hydroxide gel. Ten days later the blood was 
collected and processed according to the procedure of Silberberg and associates.15 About 
30 per cent of the birds yielded negative serum. Efforts are continuing to find more effec- 
tive injection procedures. } 

The specificity of each antiserum was evaluated by carrying out flocculation reac- 
tions and Oudin tests!7 with Fr VI and its various components: orosomucoid, albumin, and 
two purified alpha-2 glycoprotein preparations.§ A number of the Oudin tests were carried 
out in 13 per cent NaCl instead of 8 per cent. Antisera reacted at 13 per cent NaCl were 
first ineubated for 2 hours at 38° C. after addition of the proper amount of NaCl. The 
residual fibrinogen, having flocculated, was then removed by centrifugation. Antisera that 
were completely specific for orosomucoid yielded only one band in the Oudin tests and 
only precipitated with Fr VI and orosomucoid. Potency was estimated in a qualitative 
manner by noting the degree of flocculation when 1, 10, and 100 meg. of orosomucoid in 0.1 
ml, aliquots were mixed, respectively, with 0.2 ml. portions of the antiserum dilution (1 to 


2 after processing). Antisera showing comparable potencies and specificities were pooled 


together. 


Biuret determinations, employing the reagent of Cornall and associates,18 were car- 
ried out as previously described.1| Hexose and seromucoid determinations were performed 
according to methods outlined by Winzler.4 


RESULTS 


Effect of NaCl Concentration.—The effects of NaCl concentration on avian 
precipitin systems have been intensively investigated.’*** Specific precipita- 
tion was found to inerease on raising the NaCl concentration from 1 to 8 per 


*A Serval or high speed head No. 855 of the International proved convenient for this 
purpose, 


+We are indebted to Dr. Karl Schmid for performing the electrophoretic and ultra- 
centrifuge analyzes of this preparation. 


4 tProcedures employing combined intermuscular (with adjuvant) and _ intravascular 
injections appear to hold promise. 


§These were supplied to us by Dr. Karl Schmid. 
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cent. With antialbumin and antigamma globulin systems further elevations 
above 8 per cent caused a broadening of the zone of maximal precipitation into 
the far antigen excess zone but did not markedly increase the precipitation at 
equivalence. The difference in precipitation on varying salt concentration 
was dependent on the concentration of reactants—the higher the salinity the 
smaller the inhibition of precipitation on lowering the concentration of react- 
ants.*® 7° 
Chicken Anti Human Oresomucold Vs Human Orosomucoid 


13.6 % 


50 


0.0, 40 


8.0% 
Reaction 


Turbidity 


° 20 40 60 80 100 
Micrograms Orosomucoid 


Fig. 1.—Effect of NaCl concentration on precipitate formation-chicken antiorosomucoid 
serum yD plus orosomucoid; 0.1 ml. antigen + 0.4 ml. %4 C-17. One hour incubation 


at 38° Reaction turbidities recorded in Beckman spectrophotometer set at 450 my. 
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Fig. 2.—Effects of NaCl concentration and volume on_ precipitate formation-chicken 
antiorosomucoid serum (P-17) plus orosomucoid. A, 5.5 ml. reaction volume containing 
0.5 ml. P-17; 20-minute incubation at 38° C. B, 5.5 ml. reaction volume containing 0.25 
ml. P-17; 45-minute incubation at 38° C. Nephelometric determination of turbidity. 

It occurred to us that the chicken antiorosomucoid-orosomucoid system 
might show these salt effects to a more pronounced degree and that it might 


be advantageous to react this system at 12 to 15 per cent NaCl instead of 8 per 
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cent. Figs. 1 and 2 demonstrate this to be the case. Precipitation failed to 
develop in 1 per cent NaCl and was much less at 8 per cent than at 12 or 13.6 
per cent NaCl. This was true in the antibody excess zone as well as the 
equivalence and antigen excess zones. 

At the high dilution of reactants employed in the nephelometric method 
the salt effects were accentuated. After the initial incubation at 38° C. the 
precipitin reactions in 12 to 13 per cent NaCl were essentially complete except 
in the far antibody excess zone. There increased turbidity developed after 
overnight standing. The slower rate of precipitation at small concentrations 
of orosomucoid was more marked in 8 per cent NaCl than in 12 to 13 per cent 
and extended to larger concentrations of the antigen. Indeed, with half the 
quantity of antiserum (see Fig. 2, B) detectable precipitation in 8 per cent 
NaCl only developed after overnight standing. In 1 per cent NaCl precipita- 
tion was insignificant even after 5 days incubation at 5° C. 


Procedures for the Assay of Orosomucoid.—Based on the above results the 
following orosomucoid assay method was set up with an antiserum (P-17)* 
exhibiting high poteney and specificity. A 0.5 ml. of the antigen solution at 13 
per cent NaCl was pipetted into a test tube. Then 0.5 ml. of a 3:5 dilution of 
P-17, adjusted to 13 per cent NaCl, was introduced. After 15 minutes ineuba- 
tion at 38° C., 4.7 ml. of 14 per cent NaCl was added. These two additions 
were effected in each case with an appropriate automatie Cornwall syringe to 
permit rapid mixing of the reagents. The contents of the tube were trans- 
ferred to a calibrated cuvette, and turbidity was read in the Coleman model 7 
photonephelometer. The standards varied from 0 meg. orosomucoid to 25 
meg., the 0 tube providing the reagent blank upon which the instrument was 
set at zero galvanometer units. <A 0.5 ml. of 1:100 dilution of human serum in 
13 per cent NaCl was chosen for sample assay. This amount permitted ready 
quantitation of the elevated orosomucoid values occurring in certain path- 
ologie states, normal values falling on the lower quarter of the calibration 
curve. The galvanometer units of turbidity of typical standard tube reactions 
are presented in column B of Table I. 

An orosomucoid assay which required only one-half to one-third the 
amount of antiserum used in the nephelometrie procedure was also worked out 
with the Beckman D.U. spectrophotometer.t The reactions were developed 
in 0.5 ml. volume at 13 per cent NaCl in 10 by 75 mm. test tubes. After ineuba- 
tion at 38° C. for 1 hour, by which time flocculation was complete, each reac- 
tion tube was shaken and its contents transferred to a microcell requiring a 
minimum volume of 0.35 ml. The turbidity as optical! density units (O.D.) 
was read against a reagent blank consisting of antiserum plus 13 per cent NaCl 
placed in a companion microcell. The readings were taken at 340 mp with the 
ultraviolet source of light. Under these spectrometric conditions the largest 
turbidity readings could be obtained with the least interference from the pro- 
tein and hemoglobin contents of the reaction mixtures. Standards were varied 


*A pool of 4 antisera of similar characteristics, each at the routine 1:2 dilution in 8 
per cent NaCl. 


. 7With other sensitive laboratory spectrophotometers, such as the Bausch and Lomb 
Spectronic 20 and the Universal Coleman, comparable assay procedures can be worked out 
with suitable microcells. 
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from 0 to 12.5 meg. orosomucoid, and the readings at the top portion of the 
calibration curve were 0.400 to 0.500 O.D. units. The routine quantity of 
human serum chosen for assay was 0.002 ml. (either 0.1 ml. of a 1:50 dilution or 
0.2 ml. of a 1:100 dilution in 13 per cent NaCl). 


TABLE I. EFFECT OF VOLUME AND TIME ON THE STANDARD TUBE REACTIONS EMPLOYED IN 
THE NEPHELOMETRIC METHOD 


1 ML. INITIAL REACTION VOLUME 5.7 ML. INITIAL 


REACTION VOLUME 


A B Cc 
OROSOMUCOID 7.5” 38° oc. + 45” 15” 38° c. + 45” 30” 38° c. + 45” D 
(McG.) 25° C. 25° C. 25° C. 60” 38° c. 
0 0 0 0 0 0 
3.13 4.5 13 13 14 13 3 
6.25 21 21.5 17 
12.5 40 39 36 
25.0 61.5 63 63 63.5 62.5 54 
0.5 ml. orosomucoid (at 13 per cent NaCl) + 0.5 ml. 3:5 P-17 (at 13 per cent 
Nac) - incubate 7.5 min. 38° C., then add 4.7 ml. 14 per cent NaCl. 


ml. erencmnae (at 13 per cent NaCl) + 0.5 ml. 3:5 P-17 (at 13 per cent 
Nact) : incubate 15 min. 38° C., then add 4.7 ml. 14 per cent NaCl. 


ml. orosomucoid (at 13 per cent pease) + 0.5ml. 3:5 P-17 (at 13 per cent 
NaCl): yh #.. 30 min. 38° C., then add 4.7 ml. 14 per cent NaCl. 


D = 0.5 ml. orosomucoid (at 13 per cent NaCl) + 4.7 ml. 14 per cent NaCl + 0.5 ml. 
3:5 P-17 (at 13 per cent NaCl). 


During the past two years over 1,500 human sera have been assayed for 
orosomucoid. The above turbidimetrie procedures have been employed in the 
assay of the last 800 samples. To help insure uniformity on going from one 
antiserum to the next, the orosomucoid value of a large pool of human serum 
from patients with elevated values was calculated by repeat analyzes with our 
best reagents, a highly potent and specific antiorosomucoid serum (P-17) and 
a highly pure orosomucoid preparation (oroso 8). The ealibrated serum pool 
(PCS) was divided into small vials and stored in a deep-freeze. As needed, 
portions have been thawed to provide standards for the orosomucoid assay. 

The calibration curves obtained by reacting P-17 with PCS and oroso 8 
were very similar, but not identical. As constructed from the orosomucoid 
value (250 mg. per cent) assigned to PCS, the curves intersected each other at 
their mid-portions. The divergence of the 2 curves was found in some eases to 
be more pronounced with other orosomucoid preparations and on reacting 
different antisera. These data are illustrated in part by Fig. 3. It can be seen 
that oroso 16 afforded less precipitation on a comparable weight basis than 
oroso 8. Oroso 16 was prepared by extensive refractionation of a heterogene- 
ous preparation showing a lower salting out range in (NH,).SO, solutions than 
oroso 8. The only contaminant detected immunochemically in oroso 16 was a 
trace of alpha-2 glycoprotein. 

Table II demonstrates that with PCS as the standard the same sample assay 
values within experimental error were obtained by the various antiorosomu- 
coid sera employed. Some of these sera (e.g., P-30) lacked complete specificity 
and others (e.g., C-124) exhibited inhibition of precipitation in the far anti- 
body excess zone. The human serum samples could be stored for as long as 


Opticol Density 


4 8 


B 
Micrograms Orosomucoid Micrograms Orosomcold 


Fig. 3.—Comparison of the PCS calibration curve of antiorosomucoid sera with anti- 
body excess zone reactions of two orosomucoid preparations. Solid line — PCS calibration 
curve. Solid circle = oroso 8 reactions. Open circle = oroso 16 reactions. A, 0.2 ml. 

0.3 ml. Ab (1:2.52 C-124); 13 per cent NaCl; 1 hour incubation at 38° C. B, 0.2 ml. Ag + 
0.3 ml. Ab (1:2 P-17); 13 per cent NaCl; 1 hour incubation at 38° C. Reaction turbidities 
recorded in Beckman spectrophotometer set at 340 mu. 


TABLE LI. IpDENTITY OF SAMPLE ASSAY VALUES BY DIFFERENT ANTIOROSOMUCOID SERA 


SAMPLE c-17* P-17 p-18 P-30t c-124t 
(MG. %) (MG. %) (MG. %) (MG. %) (MG. % ) 
120 115 
202 208 
140 139 
235 227 

80 


125 
101 


227 
255 


80 
93 
68 


56 

200 

350 

85 

145 151 
105 105 
176 160 
345 353 
200 235 
215 212 
220 195 


*The current turbidimetric method was being evolved at the time that C-17 was em- 
ployed. The standard, then, was made up from an individual calibrated cancer serum of 
high orosomucoid content. It served as the forerunner for PCS 

7P-30 yielded a weak reaction with an alpha-2 glycoprotein in addition to its strong 
reaction for orosomucoid. 

¢The determinations with C-124, our most recent antiserum, were carried out almost 
a year after C-17 had been consumed in testing. 


§(N) designates a sample from a normal donor. 


4 
° 
375 
250 
° 
125 
° 
° 
° 4 8 12 12 
853 263 243 
856 193 181 
858 (N)§ 57 50 
921 125 | 
935 72 
1,074 (N) 70 
1,076 5 
1,079 238 225 a 
1,082 (N) 78 80 
1,106 83 
1,200 (N) 96 88 
1.202 (N) 
1.203 (N) 75 60 
1.212 (N) 70 
1,239 210 
1249 325 
1,252 80 
1301 
1313 
1,334 
1,383 
1,423 
1,441 
1,480 
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10 months in the liquid state at -2° C. without apparent effect on the orosomu- 
coid assay. The duplication error of the method was + 9 per cent in the hands 
of laboratory technicians. 

The reliability of the orosomucoid assay was further investigated by add- 
ing known quantities of purified orosomucoid to solutions of other serum pro- 
teins. Tables III and IV demonstrate that the nonorosomucoid components of 
such mixtures in no way affected the immunochemical assay. On the other 
hand, by chemical estimation only 50 to 60 per cent of the added orosomucoid 


could be recovered due to its coprecipitation in perchloric acid with the albu- 
min and gamma globulin. 


TABLE IIT. Errect oF HUMAN SERUM ON DETERMINATION OF KNOWN QUANTITIES 
OF OROSOMUCOID 


c 
B OROSO. CONTENT BY 
KNOWN OROSO. | IMMUNOCHEMICAL 
A CONTENT ASSAYt 
SAMPLE CONTENT* (MG./ML.) (MG./ML. ) 

. 1 ml. saline + 0.1 ml. 2.75 mg. oroso 7 2.50 2.56 
- 1 ml. 1 mg. oroso 8 + 0.1 ml. saline 0.914 0.80 
- 1 ml. 1 mg. oroso 8 + 0.1 ml. 2.75 mg. oroso 7 3.41} 3.30 
- 1 ml. Z-948 + 0.1 ml. saline 0.74 
. 1 ml. Z-948 + 0.1 ml. 2.75 mg. oroso 7 3.246 2.94 
- 1 ml. Z-901 + 0.1 ml. saline 1.25 
. 1 ml. Z-901 + 0.1 ml. 2.75 mg. oroso 7 3.75|| 3.78 


*Mixtures of two purified orosomucoid preparations either with saline or with human 
serum. Z-948 and Z-901 are human serum samples. 


+The nephelometric procedure was employed. 


tFrom biuret determinations of the two purified orosomucoid preparations. The biuret 
value of orosomucoid, employing human serum albumin as the biuret standard, was multi- 
plied by the factor 1.47 to obtain the total weight of orosomucoid. 


§The sum of row 1 (column B) + row 4 (column C). 
|The sum of row 1 (column B) + row 6 (column C). 


TABLE IV. THE EFFECT OF ALBUMIN AND GAMMA GLOBULIN CONCENTRATION OF THE RECOVERY 
OF OROSOMUCOID AS ASSAYED BY THE SEROMUCOID TEST AND THE IMMUNOCHEMICAL TEST 


MG. OROSOMUCOID PER ML. AS ASSAYED 
BY: 
SEROMUCOID IMMUNOCHEMICAL 
SAMPLE CONTENT TEST* TEST t 
A. 1 mg. human orosomucoid 7 per ml. 50 mg. Rwk 
Fr V (human) per ml. 25 mg. Fr II (human 
per ml. Buffered 0.9 per cent NaCl, pH 7.6 0.53 1.03 


B. 1 mg. human orosomucoid 7 per ml. 25 mg. Rwk 
Fr V (human) per ml. 25 mg. Fr IIT (human) 
per ml. Buffered 0.9 per cent NaCl, pH 7.6 I 0.97 


C. 1 mg. human orosomucoid 7 per ml. Buffered 0.9 
per cent NaCl, pH 7.6 1.00 0.95 


*Seromucoid hexose assay as described by Winzlert employing sample C as the standard 
for A and B 


+The Beckman spectrophotometric procedure was employed. 


Serum Orosomucoid Levels Compared to Mucoprotein Levels.—Fig. 4 com- 
pares the serum orosomucoid levels of 74 nomal adults and 142 cancer pa- 
tients.* The normal samples were drawn from healthy laboratory workers and 


*Since the results were tabulated, a considerable number of additionai patients have 
been added to the series. 


1 
2 
3 
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from hospital blood donors. The cancer samples were from patients with vari- 
ous malignancies, mainly in advanced inoperable stages. Serial determina- 
tions have been performed on a number of these patients for months at a time, 
but for purposes of this paper only one value per patient is recorded. In each 


Milligrams Percent Orosomucoid 


Fig. 4.—Distribution of serum orosomucoid levels in normal adults and patients with 
malignancy: 74 normals compared to 142 patients. 


Percent Of Group Represented 
a 


case the value was the first one determined on the patient during the time span 
encompassed by receipt of samples Z-715 to Z-1500. The orosomucoid values 
in the normals ranged from 37 mg. per cent to 145 mg. per cent with a mean 
of 76 mg. per cent and in the cancer group ranged from 68 mg. per cent to 390 
mg. per cent with a mean of 177 mg. per cent. In spite of the wide range of 
values in the cancer sera, there was a striking correspondence between the in- 
creased mean of our series and those reported by various investigators for 
serum mucoprotein concentration.* *° 1:14 This is to be expected since oroso- 
mueoid is the principal component responsible for the chemical estimations. 


TABLE V. 


COMPARISON OF MUCOPROTEIN CONTENT IN NORMAL AND CANCER SERUM BY 
VarIoUuS ASSAY METHODS 


RATIO 
| 
NORMAL CANCER N REFERENCE 
Immunologie orosomucoid test* 76.0 + 2.99t 177.0+6.49t 2.33 Present experiments 
Polarographic filtrate testt 1.0 2.4 + 0.03 2.40 Brdicka et al.11 
Mucoprotein§ 2.7 + 0.05 6.1+0.13 2.26 Winzler and Smyth10 
Mucoprotein|| 136.5 + 3.93 308.0 + 15.4 2.25 Lockey et al.14 


*Milligram per cent orosomucoid. 
+Standard error. 


mm. wave len for neer serum 
tRecorded as ratio length 
mm. wave length for normal serum 


‘ §Milligram per cent of tyrosine of the serum fraction soluble in perchloric acid but 
insoluble in phosphotungstic acid. 


||Milligram per cent of mucoprotein, that serum fraction solub!e in sulfosalicyclic acid 
but insoluble in phosphotungstic acid. 


A comparison of values obtained by these different tests is presented in Table 
V. Nine tuberculosis serum samples and 12 pregnancy samples were also an- 
alyzed for orosomuecoid content. There were elevated values in the tuber- 
culosis group, but in the pregnancy group orosmucoid was at normal concen- 
tration. This, too, is in accord with the results of chemical serum mucoprotein 
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estimation. It is well to note that the range and nonspecificity in serum levels 
of orosomucoid and the chemical mucoprotein fractions are so great as to pre- 
clude their being of diagnostic value in cancer. 


DISCUSSION 


The current study represents an extension of our efforts to develop an in- 
clusive system for the quantitation of human plasma proteins by the use of 
chicken antisera. Pertinent to this objective has been the observation that at 
13 per cent NaCl far more potent reactions can be obtained with antiorosomu- 
coid serum than at 8 per cent NaCl. To varying degrees this high salt effect 
is manifested by all the chicken antiserum-antigen systems studied so far. The 
weaker or more dilute an antiserum the greater is the difference in precipita- 
tion between 13 and 8 per cent. Consequently, antisera in small supply such 
as we have produced to several alpha-2 glycoproteins are now being stored 
and reacted at the higher salinity. 


The current work further substantiates our previous observation’ that 
certain antisera lacking complete specificity can be used to gather reliable 
data. For antiserums such as P-30 this may have been fortuitous in that the ‘‘un- 
wanted’’ antibodies were directed to a protein whose human serum concentra- 
tion appears to be very low.* However, our use of a calibrated pool of human 
serum as the assay standard may well have neutralized slight differences in 
reactivity between the various antiorosomucoid sera. 


The mean serum concentration of orosomucoid in normals was found to 
be 76 mg. per cent. This value is lower than the 103 mg. per cent reported by 
Silberberg and associates and the 119 mg. per cent reported in our prelimi- 
nary studies.22. The orosomucoid preparations used as the assay standards in 
the earlier work may have been less pure or more altered in specificity than 
the orosomucoid used to calibrate PCS, the routine standard of the current 
study. Our value of 76 mg. per cent is in accord with the data gathered for 
the seromucoid or serum mucoprotein fraction. De La Huerga and associates™ 
have established by a turbidimetrie assay that the mean value for the chem- 
ical fraction in normal serum is 79.4 mg. per cent. This value corresponds to 
mean values for other groups of normals obtained by biuret,** tryrosine,’® and 
hexose* ?° methods.t Upon adjusting for the estimated 30 per cent loss during 
perchloric acid precipitation,® the total normal serum mucoprotein econcentra- 
tion ean be considered 113 mg. per cent, 67 per cent of which is orosomucoid. 
These results agree with the observed electrophoretic heterogeniety of seromu- 
coid'® in which its major component (MP-1) possesses the physicochemical prop- 
erties of orosomucoid. 

The specific immunochemical measurement of orosomucoid has greater accu- 
racy than the various serum mucoprotein assay methods. These latter have 
an inherent technical error in that the recovery of seromucoid is dependent 
on the concentration and type of proteins in the serum sample under assay. 


*This protein is concentrated in the Zn precipitable alpha-2 glycoprotein fraction 
characterized by Schmid. 


+De La Huerga and associates* discuss the correspondence of these various chemical 
methods of assaying the serum mucoprotein fraction. 
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Breakdown products of proteins ean also occur in the chemical fraction after 
storage of serum. Furthermore, the relative distribution of the components 
in seromucoid may vary according to the physiologic stimuli. Mandel and 
associates” have pointed out the uncertainty this introduces into the evalua- 
tion of seromucoid determinations. In diseases such as malignaney and tuber- 
culosis, both orosomucoid and seromucoid increase in concentration over nor- 
mal levels and show a comparable spread of values in randomly selected 
patients. Yet the two measures may not necessarily parallel each other in 
individual patients subjected to various forms of treatment. For example 
Bollet?® has reported that in some patients cortisone administration caused 
an inerease in the total protein of seromucoid and a concomitant relative de- 
crease in the hexosamine of the fraction. Our own work” indicates that in 
cancer the orosomucoid level is not directly affeeted per se by cortisone or a num- 
ber of other therapeutic compounds, but is affected by a gross change in the clini- 
eal state of the patient, increasing with clinical deterioration and decreasing 
with clinical improvement. That seromucoid and orosomucoid levels need not 
be closely correlated is also indirectly suggested on comparison of these meas- 
ures to the presence or absence in human sera of C-Reactive Protein (CRP). 
Shetlar and associates** have claimed a close correlation between the elevation 
of seromucoid concentration and the appearance of CRP. On the other hand 
our data (unpublished) has shown a number of samples in which orosomucoid 
concentration was elevated and CRP absent. The reverse was also found. The 
possible differences in data gathered by the seromucoid and the immunochemi- 
cal orosomucoid assay methods point to the need to analyze the constituents 
of serum in terms of discrete protein species. The fluctuations in serum con- 
centration of such proteins as orosomucoid may provide a more definitive 
characterization of the processes operative in disease. 


SUMMARY 


The measurement of serum orosomucoid concentration by specific chicken 
antiorosomucoid serum has been demonstrated to be a practical laboratory 
method. Rapid turbidimetrie procedures for assay were worked out in 
which the reactions were carried out in 13 per cent NaCl. The choice of 
this high salinity resulted from the observation that the effects of NaCl con- 
centration were more pronounced in the chicken antiorosomucoid system than 
in other chicken antiserum systems. The average serum orosomucoid level 
of normal adults was found to be 76 mg. per cent + 2.99 (s.e.). Marked in- 
creases of serum orosomucoid concentration were often found in malignancy, 
and there was also a wider range of levels than in normal subjects. The relation- 


ship of the orosomucoid determination to various serum mucoprotein assay 
methods was discussed. 


REFERENCES 


1. Goodman, M., Ramsey, D. S., Simpson, W. L., Remp, D. G., Basinski, D. H., and Brennan, 
M. J.: The Use of Chicken Antiserum for the Rapid Determination of Plasma 
Protein Components. I. The Assay of Human Serum Albumin and Gamma Glob- 
ulin, J. Las. & CLEN. Mep. 49: 151, 1957 . 

2. Brown, R. K., Baker, W. H., Peterkofsky, A., and Kauffman, D. L.: Crystallization 


and Properties of a Glycoprotein Isolated from Human Plasma, J. Am. Chem. Soc. 
76: 4244, 1954. 


768 GOODMAN, RAMSEY, SIMPSON, AND BRENNAN J. Lab. & Clin. Med. 
November, 1957 


3. Schmid, K.: Isolation and Characterization of Glycoproteins from Human Plasma, 
J. Am. Chem. Soe. 75: 2532, 1953. 

4. Winzler, R. J.: Determination of Serum Glycoproteins; Methods of Biochemical Analy- 
sis, vol. II, New York, 1955, Interscience Publishers, Inc. 

5. Petermann, M. L., and Hogness, K. R.: Electrophoretic Studies on the Plasma Proteins 
of Patients With Neoplastic Disease. II. An Acid Protein Present in the Plasma, 
Cancer 2: 104, 1948. 

6. Weimer, H. E., Mehl, J. W., and Winzler, R. J.: Studies on the Mucoproteins of Human 
Plasma. V. Isolation and Characterization of a Homogeneous Mucoprotein, J. Biol. 
Chem. 185: 561, 1950. 

7. Schmid, K.: Preparation and Properties of Serum and Plasma Proteins. XXIX. Sep- 
aration from Human Plasma of Polysaccharides, Peptides and Proteins of Low 
ey Weight. Crystallization of an Acid Glycoprotein, J. Am. Chem. Soc. 75: 

, 1953. 
Smith, E. L., Brown, D. M., Weimer, H. W., and Winzler, R. J.: Sedimentation, Diffu- 
sion, and Molecular Weight of a Mucoprotein from Human Plasma, J. Biol. Chem. 
185: 569, 1950. 
Winzler, R. J., Devor, A. W., Mehl, J. W., and Smyth, I. M.: Studies on the Mucopro- 
teins of Human Plasma. I. Determination and Isolation, J. Clin. Invest. 27: 609, 
1948. 

. Winzler, R. J., and Smyth, I. M.: Studies on the Mucoproteins of Human Plasma. II. 
Plasma Mucoprotein Levels in Cancer Patients, J. Clin. Invest. 27: 617, 1948. 

. Brdicka, R., Novak, F. V., and Klumpor, J.: Critieal Examination of the Polarographic 
Test for Cancer in Deproteinated Sera. Acta radiol. et cancerol. bohem. et morav. 
2: 27, 1939. 

- Robinson, A. M.: Polarographie Analysis of Normal and Pathological Sera, Brit. J. 
Cancer 2: 360, 1948. 

- Butler, L. O.: | The Polarographie Serum Test and Other Serum Tests in the Prognosis 
of Cancer, Brit. J. Cancer 5: 225, 1951. 

. Lockey, E., Anderson, A. J., and Maclagan, N. F.: Urine and Serum Mucoproteins in 
Cancer and Other Diseases, Brit. J. Cancer 10: 209, 1956. 

. Silberberg, S., Goodman, M., Kefalides, N. A., and Winzler, R. J.: Immunochemical 
Determination of Orosomucoid, Proe. Soc. Exper. Biol. & Med. 90: 641, 1955. 

. Mehl, J. W., Humphrey, J., and Winzler, R. J.: Mucoproteins of Human Plasma. III. 
Electrophoretic Studies of Mucoproteins from Perchlorie Acid Filtrates of Plasma, 
Proe. Soe. Exper. Biol. & Med. 72: 106, 1949. 

- Oudin, J.: Methode d’analyse immunochimique par precipitation specifique en milieu 
gelifie, Compt. rend. Acad. se. 222: 115, 1946. 

. Cornall, A. G., Bardawill, C. J., and David, M. M.: Determination of Serum Proteins 
by Means of the Biuret Reaction, J. Biol. Chem. 177: 751, 1949. 

- Goodman, M., Wolfe, H. R., and Norton, 8.: Precipitin Production in Chickens. VI. 
The Effect of Varying Concentrations of NaCl on Precipitate Formation, J. Im- 
munol. 66: 225, 1951. 

. Goodman, M., and Wolfe, H. R.: Precipitin Production in Chickens. VITT. A Compari- 
son of the Effect of Salt Concentration on Precipitate Formation of Pheasant, Owl, 
and Chicken Antisera, J. Immunol. 69: 423, 1952. 

Goodman, M., Wolfe, H. R., and Goldberg, R.: Precipitin Production in Chickens. XII. 
The Effects of Variation in Ionic Species and Concentration on Precipitate Forma- 
tion, J. Immunol. 72: 440, 1954. 

. Brennan, M. J., Goodman, M., and Simpson, W. L.: Orosomucoid, C-Reactive Protein 
and Albumin Variances Measured Immunochemically in Cancer Patients. IT. Clini- 
eal Correlations, Proc. Am, A. Cancer Res. 2: 96, 1956. 

. De La Huerga, J., Dubin, A., Kushner, D. 8., Dyniewiez, H. A., and Popper, H.: Studies 
of Serum Mucoprotein (Seromucoid). I. A Turbidimetrie Method, J. Las. & CLIN. 
Mep. 47: 403, 1956. 

. Greenspan, E. M., and Dreiling, D. A.: Serum Mucoprotein Level in Differentiation of 
Hepatogenic From Obstructive Jaundice, A. M. A. Arch. Int. Med. 91: 474, 1953. 

25. Mandel, E. E., Gorsuch, T. L., and Cooper, G. E.: Seromucoid in Hepatobiliary Disease, 
Clin. Chem. 1: 221, 1955. 

26. Bollet, A. J.: The Hexosamine Content of the Serum Globulins in Normal and Patho- 
logical Sera, J. Clin. Invest. 36: 51, 1957. 

27. Simpson, W. L., Goodman, M., and Brennan, M. J.: Consideration of Selected Systemic 
Reactions to Cancer as Objective Indices of Response to Therapy, Proc. Am. A. 
Cancer Res. 2: 250, 1957. 

28. Shetlar, M. R., Bullock, J. A., Shetlar, C. L., and Payne, R. W.: Comparison of Serum 
C-Reactive Protein, Glycoprotein, and Seromucoid in Cancer, Arthritis, Tuberculo- 
sis and Pregnancy, Proc. Soc. Exper. Biol. & Med. 88: 107, 1955. 


THE CHEMICAL ESTIMATION OF EPINEPHRINE AND 
NOREPINEPHRINE IN HUMAN AND CANINE PLASMA 


Il. A Critique OF THE TRIHYDROXYINDOLE METHOD. 


Henry L. Price, M.D.,* ANp Mary L. Price, A.B. 
PHILADELPHIA, Pa. 


INTRODUCTION 


HE ethylenediamine condensation method of Weil-Malherbe and Bone’ and 
its modifications have been extensively used to estimate the concentrations 
of epinephrine (EK) and norepinephrine (N) in plasma, blood, tissues, and 
urine. Recently, it has been reported that this method is not sufficiently specific 
for these purposes.” ® 
The trihydroxyindole method of Lund‘ is more specific, but has been 
found to lack sufficient sensitivity to detect the extremely low concentrations 
of E and N which normally occur in human and eanine plasma.*® 
In the work to be reported, means of inereasing both the sensitivity and 
specificity of the trihydroxyindole method have been sought. It has been 
found: (1) that the quantities of E and N present in a mixture ean be esti- 
mated fluorometrically rather than by differential oxidation,* thereby reducing 
the volume of plasma needed for analysis by one-third; (2) that the fluores- 
cence produced by E and N is inereased while that of certain interfering sub- 
stanees is reduced by adjusting the pH of the reaction products; and (3) that 
the precision of the determinations can be improved by a new method of pre- 
paring blanks. With these modifications 0.001 ng E or 0.002 to 0.003 pg N ean 
be detected in plasma eluates. Satisfactory recovery of these quantities of E 
and N is demonstrated below, and the concentrations of these substances oc- 
curring in normal human plasma are estimated. 


METHODS 


Blood samples are collected in syringes moistened with heparin and are iced immedi- 
ately. The plasma is separated as soon as possible by centrifuging the blood at 750 x g 
for 20 minutes. Chromatography of the plasma is completed within 3 hours after the blood 
is drawn. 

A. Alumina Column Chromatography.—The columns used consist of glass tubes 25 em. 
in length with an upper portion 5 em. long and 0.8 em. in diameter, a bulbous central part of 
30 ml. capacity, and a lower portion 0.6 em, in inside diameter and 10 em. long. The bottom 
of the tube is crimped slightly to hold a glass wool plug which supports the alumina. With 


From the Department of Anesthesiology, Hespital of the University of Pennsylvania and 
the Harrison Department of Surgical Research, School of Medicine, University of Pennsyl- 
vania, Philadelphia, Pa. 

This study was supported in part by grant H-1568 from the U. S. Public Health Service. 

Received for publication May 10, 1957. 

*Wellcome Associate Professor of Anesthesiology, School of Medicine, University of 
Pennsylvania. 


769 


770 PRICE AND PRICE J. 
the column half-filled with distilled water and the glass wool plug in position, 1.0 Gm. of 
alumina* is poured into the top of the column and allowed to settle. Trapped air is removed 
from the alumina by agitation with a glass rod introduced through the top of the column 
before settling is complete. The supernatant water is forced through the column, using air 
pressure, until its level is just above that of the alumina. The alumina is washed with 5 
ml, of glass-distilled water, and is then ready for use. 

The plasma pH is adjusted to 8.0 + 0.3 by swirling it in a beaker, causing loss of car- 
bon dioxide and increase in pH, after which it is poured onto the alumina column. The 
plasma is forced through at an even rate (1 to 2 ml./min.) by suitable adjustments of air 
pressure. When the plasma level has reached that of the top of the alumina, 5 ml. 0.2 N 
sodium acetate followed by 5 ml. glass-distilled water is forced through the column. Col- 
umns which have been allowed to run dry at any point before elution are discarded. The 
alumina is eluted with 6 ml. of 0.3 N acetic acid. Eluates are collected in glass-stoppered 
tubes, in which they may be frozen and stored for several weeks before analysis, without 
significant loss of E or N. 

B. Analysis of Eluates.—Merck reagent grade chemicals are used throughout, except 
as noted. The pH of each eluate fraction (2.0 to 3.0 ml.) to be analyzed is adjusted to 6 by 
drop-wise addition of 1 N sodium hydroxide after the addition of 0.04 per cent bromthymol 
blue indicator (Harleco), and 1.0 ml. 1 N sodium acetate buffer (pH 7.6 to 8.0). The cor- 
rect end point is indicated by the appearance of a persistent light-green color. Samples 
which become more alkaline, as indicated by the appearance of a persistent blue color, 
should be discarded. 

An eluate fraction is then run as a sample by adding 0.1 ml. of 0.25 per cent potassium 
ferricyanide solution, mixing, and allowing the mixture to stand 5 minutes. After this 0.10 
ml. of 2.0 per cent ascorbic acid is added, followed immediately by 0.9 ml. of 20 per cent 
sodium hydroxide. The mixture can then be diluted to standard volume (6 to 7 ml.) and 
read in a fluorometer, but for reasons to be discussed later, we routinely convert the pH of 
the mixture to approximately 5 by the addition of 2.0 ml. of 5 N acetic acid 4 minutes after 
the addition of ascorbic acid and before diluting to final volume. 

A blank is prepared from another equal fraction of the eluate after titrating it to 
pH 6. Ascorbic acid, followed by ferricyanide and sodium hydroxide are added in the 
same umounts used to prepare samples. Four minutes later the pH is brought to 5 by 
adding 5 N acetic acid as in the samples. 

Samples and blanks are read in a Farrand photofluorometer at equal times (7 and 10 
minutes) after the addition of sodium hydroxide. Light of two wave lengths (391 to 408 
and 436 mz) is used to excite the solution; the emission is read at 500 mp. The filter com- 
binations used are: (exciting) 400 mu Farrand interference plus Wratten No. 35, and 
436 ma Farrand interference plus Wratten No. 35; and (emitting) 500 mu» Farrand inter- 
ference plus Wratten No. 57. 

Standard additions of E and N (Sterling-Winthrop: 0.01 to 0.05 ug of base) are made 
to plasma eluates or to “blank” eluates prepared by running reagents only through alumina 
columns and eluting with acetic acid as described above. Additions made to reagents 
which have not been exposed to alumina are unacceptable for analytic purposes because the 
fluorescence observed per microgram of E and N and the ratios of fluorescence observed 
using the 400 and 436 mu primary filters are modified by the presence of the acetic acid 
eluate of alumina. 

Calculations of E and N concentration are performed by comparing the fluorescence 
obtained per microgram of added E and N with the net fluorescence (sample reading minus 
blank reading) observed in the unknown. This procedure yields simultaneous equations 
which ean be solved algebraically: 

Equation 1: F 400 = mE + nN 

Equation 2: F 436 = oE + pN, where Fi and Fi are the net (sample minus blank) 
number of galvanometer divisions observed when the sample is excited by light of the two 


*Woelm, nonalkaline, Grade I, Alupharm Chemical Co., New Orleans, La. 
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wave lengths, m, n, 0, and p are the number of galvanometer divisions deflection per micro- 
gram of E or N added to the standards, and E and N are the quantities of E and N present 
in the unknown mixture. 


This method of analysis requires, for correctness, that the fluorescence of a mixture 
equal the sum of that produced separately by the fiuorescent substances present, and that 


fluorescence be proportional to concentration. Both requirements are met in the concentra- 
tion range tested. 


TABLE I, FLUORESCENCE OF HYDROXYPHENYL COMPOUNDS 


RELATIVE 
FILTER | FLUORESCENCE(%) 
SUBSTANCE RING* SIDE CHAIN (Mz) PH, | pHs 
]-Epinephrine R,- CHOHCH,NH 400 100.0 85.0 


| 
CH, 436 100.0 76.0 
pL-[sopropylnorepinephrine R,- CHOHCH,NH 400 72.0 


| 
CH(CH;),. 436 75.0 
]-Norepinephrine R, CHOHCH,NH, 400 85.0 71.0 


436 37.0 


Threo-pL-3 ,4-dihydroxyphenyl- R, CHOHCHNH, 400 0.19 0.08 
serine 


| 
COOH 436 0.08 0.08 
Erythro-pL-3,4-dihydroxy phenyl- R,- CHOHCHNH, 400 0.03 0.01 


serine 


| 
COOH 436 0.01 
CH.CHNH, 400 0.051 5.0 


DL-Dopa 


| 

COOH 436 0.002 
Dopamine R,-  CH.CH.NH, 400 0.13 0.14 
436 0.04 0.04 
3,4-Dihydroxyphenylacetie acid R,- CH,COOH 400 0.004 0.014 
436 0.002 (-)0.002 
3,4-Dihydroxymandelie acid R,- CHOHCOOH 400 (-)0.001 


436 (-)0.001° 
5-Hydroxytryptamine (serotonin) R.- 3-CH,CH.NH, 400 0.022 0.11 
436 0.027 0.26 


*Ri = 3,4-dihydroxyphenyl; R: = 5-hydroxyindole. 


RESULTS 


1. Fluorescence of Hydroxyphenyl Compounds.*—The fluorescence of cer- 
tain compounds which oecur biologically and which might interfere with the 
method is reported in Table I. All results are expressed in terms of the base 
or acid, and are referred to the fluorescence of adrenolutine (fluorescent prod- 
uct of epinephrine) at pH 5. Samples to be read at pH 5 were acidified by the 
addition of 2.0 ml. 5 N acetie acid 4 minutes after the addition of 20 per cent 


*We wish to thank Dr. M. L. Tainter, Sterling-Winthrop Research Institute for sup- 
plying epinephrine, norepinephrine. and isopropylnorepinephrine; Dr. Richard Dahlbom, Astra 
Ltd., for supplying 3,4-dihyldroxyphenylacetic acid. Dr. M. D .Armstrong, University of 
Utah, for supplying 3,4-dihydroxymandelic acid; and Dr. W. G. Clark, Veterans Adminis- 
tration Center, Los Angeles 25, for supplying the dihydroxyphenylserines. Dopa, dopamine, 
and serotonin were obtained from the California Foundation for Biochemical Research. 
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sodium hydroxide. Blanks were prepared in an analogous manner. Each 
blank eluate contained an addition equal to that of the corresponding sample 
eluate. Additions of E, N, and isopropylnorepinephrine ranged between 0.02 
and 0.10 »g; additions of the other substances varied from 50 to 100 pg. 

Conversion of the sample pH from 13 to 5 reduced the fluorescence of dopa, 
3,4-dihydroxyphenylacetic acid, and 5-hydroxytryptamine, but increased that 
of E and N. This procedure also reduced the blank readings. However, ad- 
renolutine and noradrenolutine are unstable at pH 5, so that all readings must 
be made at a standard time after the addition of 20 per cent sodium hydroxide 
if the final pH is to be acid. In all subsequent analyses the pH has been ad- 
justed to 5, the samples read at 7 and 10 minutes after the addition of sodium 
hydroxide, and the results averaged. This applies whether an eluate fraction 
is treated as a sample or as a blank. 

2. Error of Fluorometric Separation of E and N.—Amounts ranging from 
0.002 to 0.02 ng E and 0.005 to 0.1 ung N were added to blank column eluates, 
analyzed by the method described, and compared with eluates to which noth- 
ing had been added. The results are shown in Table II. Proportions ranging 
from 1:1 to 10:1 and amounts ranging from 0.1 to 0.002 »g could be separated 
fluorometrically with an average error of 4.6 per cent (range 0 to 14 per cent). 


TABLE II. FLUOROMETRIC SEPARATION OF E AND N 


ADDED RECOVERED PER CENT 
E | N E | N | N 

0.022 0.044 0.022 0.042 96 
0.022 0.044 0.022 0.044 100 
0.011 0.099 0.011 0.090 91 
0.0055 0.0055 0.0063 0.0058 105 
0.0055 0.0555 0.0054 0.0579 98 104 
0.0022 0.0022 0.0020 0.0020 91 91 


3. Recovery of E and N by Alumina Column Chromatography.—Amounts 
of E ranging from 0.12 to 0.002 »g were added to twenty-four 15 ml. samples of 
human and canine plasma which were then chromatographed on alumina. 
These eluates were analyzed and compared with others obtained from plasma 
to which nothing had been added, and the recovery calculated. The mean 
recovery was 94.2 per cent, with standard deviations of 10.5 per cent at the 
upper half of the range and 26.5 per cent at the lower. Seventeen additions of 
N ranging from 0.1 to 0.006 »g were recovered to the extent of 86.3 per cent 
with a standard deviation of 6.7 per cent at the upper half of the range and 
20.2 per cent at the lower. There was no consistent difference between recov- 
eries from canine and human plasma. The increased variation in apparent re- 
covery observed when small additions are made to plasma is of the same order 
as the variation in replicates of a single sample, and thus probably represents 
the ‘‘background’’ variation in the analytic method which becomes apparent 
when low concentrations of E and N are analyzed rather than variation in the 
recovery from alumina. 
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4. Evaluation of Blanks.—Arterial plasma from 4 normal human volunteers 
and 2 dogs was allowed to stand at refrigerator temperature (4 to 7° C.) for 
4 to 5 weeks, and then chromatographed on alumina columns. By this time more 


than 85 per cent of the N added to small fractions of the fresh plasma had dis- 
appeared. 


Eluates of aged plasma were prepared as blanks by two procedures different 
from that described in the Method. Oxidation of the eluate at pH 6, followed 
by addition of NaOH, with addition of ascorbic acid 4 minutes later resulted in 
erratic blanks whose fluorescence occasionally exceeded that of other portions of 
the same eluate which had been treated as samples. Blanks prepared by omitting 
the oxidation step (K,Fe[CN], not added) were considerably lower than samples 
prepared from the same eluates. 

For these reasons the technique outlined in the Method was used routinely 
to prepare blanks. Fluorescence was measured at pH 5. With this technique 
the difference between eluates of aged plasma treated as blanks and samples was 
small. Seven aged plasma samples averaged 0.023 pg/L. apparent E and 0.046 


pg/L. apparent N. In eluates prepared from reagents only, there was no appar- 
ent E or N. 


TABLE IIT. BLANK FLUORESCENCE AS PER CENT OF TOTAL 


FLUORESCENCE OBSERVEDIN | 
‘ae BLANK WITH ADDITION 
FLUORESCENCE FROM SAME ADDITION 
TREATED AS A SAMPLE 


AMOUNT ADDED 
SUBSTANCE 


E 0.04 17 
0.04 14 
0.04 13 
0.04 24 
0.04 13 
0.04 29 
0.04 20 
0.02 6 
0.04 8 
0.04 21 
0.04 9 
0.02 17 
0.04 24 
0.04 25 


Average 17.1 + 7.0 (s.d.) 


0.04 
0.04 
0.04 
0.08 


Average 3.0 + 1.1 (s.d.) 


The blank values obtained by the method deseribed are proportional to the 
E and N eontent of the sample (Table III). The explanation of this finding is 
that a small part of the E and N is changed, during adjustment of the pH to 
6 with sodium hydroxide, to substances which subsequently form adrenolutine 
and noradrenolutine at high pH. The amount of noradrenolutine ‘‘preformed”’ 
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in the blanks is negligible (less than 5 per cent) ; that of adrenolutine can be re- 
duced to about 15 to 20 per cent by careful titration with agitation. Too rapid 
titration or insufficiently thorough mixing during titration may yield blank 
values up to 40 per cent of the E present. 

The over-all reeovery of E or N equals the recovery from alumina multi- 
plied by the recovery during the titration and oxidation steps. For E this 
is 100 x 0.94 x 0.83 = 78 per cent, and for N is 100 x 0.86 x 0.97 = 83 per cent. 


The apparent plasma concentrations of E and N reported below have not been 
corrected for these losses. 


5. Standard Deviation of a Single Determination.—Four 30 ml. plasma 
samples were divided in half, and each fraction was separately chromato- 
graphed on an alumina column. Half of each eluate was treated as a sample, 
the other half as a blank. The standard deviation of a single determination 
was caleulated as s.d. = [®°/.,]*, where d is the difference in estimated concen- 
tration between the duplicate analyses of each plasma sample, and n is the 
number of duplicates used in the caleulation. The results were: s.d. of E 
determination = 0.042 pg/L. and of N = 0.13 pg/L. 

6. Normal Plasma Concentrations of E and N in Man.—Thirty-milliliter 
blood samples were withdrawn from the brachial arteries or antecubital veins 
of 12 normal adults. In 7 cases the arterial and venous samples were with- 
drawn simultaneously. The subjects rested in the supine position during sam- 
pling and for 10 minutes before. All were hospital personnel (physicians, 
medical students, or nurses), and all appeared free from apprehension. The 
data are shown in Table IV. All concentrations are in terms of the bases, and 


are uncorrected for losses in recovery which average approximately twenty per 
cent (paragraph 4). 


TABLE LV. NorMAL PLASMA E AND N CONCENTRATIONS ESTIMATED BY THE 
TRIHYDROXYIN DOLE METHOD 


SOURCE OF SAMPLE DIFFERENCE 
SUBJECTS BRACHIAL ARTERY ANTECUBITAL VEIN A-V 

NO. | AGE | SEX E (ug/L.) N E (ug/L.) N E (pg/L.) N 
1 2 F 0.00 0.25 0.05 0.34 (-)0.05 (-)0.09 
2 26 M 0.13 0.18 (-)0.08 0.25 0.21 (-)0.07 
3 23 M (-)0.02 (-)0.08 0.06 0.11 (-)0.08 (-)0.19 
4 23 F 0.25 0.25 0.00 0.46 0.25 (-)0.21 
5 27 F 0.00 0.35 (-)0.07 0.43 0.07 (-)0.08 
6 23 M 0.18 0.18 0.18 0.34 0.00 (-)0.16 
7 @ F 0.18 0.26 0.02 0.58 0.16 (-)0.32 
8 34 M 0.00 0.16 ais 
9 24 M 0.09 0.23 = 

10 30 M (-)0.01 0.19 

11 28 M 0.01 0.48 

12 24 M (-)0.01 0.29 

Average 0.10 + 0.10 0.20 + 0.12 0.01 + 0.07 0.34 + 0.15 
s.d. s.d. s.d. s.d. 


The levels of E in arterial plasma averaged 0.10 pg/L. and this coneentra- 
tion was significantly greater than zero (p < 0.05). The concentration of E 
in venous plasma averaged 0.01 »g/L. and was insignificantly different from 
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zero. The arteriovenous concentration difference of E was positive or zero in 
5 of the 7 subjects from whom simultaneous samples were drawn, but a prob- 
ably significant difference (0.16 ng/L. or more) was observed in only 3 eases, 


and the difference was statistically significant for neither the group as a whole 
nor for the A-V group. 


The levels of N in venous plasma consistently exceeded those in arterial 
plasma. The difference in concentration averaged 0.14 pg/L. in the group as 
a whole and 0.16 ng/L. in the A-V group. The difference is statistically signifi- 
cant (p < 0.01) for the A-V group, but not for the group as a whole. 


DISCUSSION 


A serious limitation of chemical methods is that they do not establish the 
biologie activity of the substances estimated. Unfortunately, the concentra- 
tions of E and N present in human plasma are too low to permit estimation by 
the biologic assay methods currently employed. Holzbauer and Vogt’ have 
shown the venous plasma of a single subject to contain less E and N than the 
minimum concentrations detectable by a sensitive biologie method, i.e., less 
than 0.06 ng/L. E and 1.0 pg/L. N. By the present (trihydroxyindole) method 
the concentration of E in venous plasma is insignificantly different from zero, 
while that of N is less than 0.6 ng/L. By the ethylenediamine method concen- 
trations of EK range from 0.1 to 1.3 pg/L. and of N from 2.1 to 5.2 pg/L. in 
normal human venous plasma’ *; the reason for the variation in the results 
obtained is obscure. In addition to E and N, the ethylenediamine method is 
sensitive to the presence of dopamine, as well as to some of its supposed precur- 
sors and metabolites,? and probably to metabolites of N as well. 

The trihydroxyindole method theoretically detects only 3,4-dihydroxy- 
phenyl compounds with a two carbon side chain, a terminal nitrogen, and an 
hydroxyl group substituted on the B carbon atom.* Thus it should be insensi- 
tive to any of the hydroxyphenyl compounds, other than E and N, which are 
presently known to occur to an important extent in man or dog. Isopropyl- 
norepinephrine, which could seriously interfere with the determination of E 
by the present method, may oecur in the human adrenal medulla, but only in 
trace amounts.’ Dopamine, which occurs in human urine, has been reported 
by von Euler and Floding’”’ to produce fluorescence equal to 3 per cent of that 
of N by the trihydroxyindole method. With the present technique, the fluores- 
cence of dopamine is approximately 0.1 per cent of that of N (Table I). A 
partial explanation of the difference lies in our exciting the samples at 400 mp 
in addition to 436 mp, and in reading the samples at pH 5, both of which in- 
crease sensitivity for N without appreciably modifying that for dopamine. 
However, a large part of the greater specificity of the present method is unex- 
plained, and may be attributable to the optical system employed. It may also 
be pointed out that the fluorescences of serotonin and dopa at pH 13 are un- 
duly high, and that measuring fluorescence at pH 5 causes a tenfold and a hun- 
dred fold decrease, respectively, in sensitivity for these substances, 
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The development of valid ‘‘blanks’’ for methods measuring endogenous 
substances is difficult. In the case where the substance analyzed is not nor- 
mally present in the body blanks consist simply of analyses made before or at 
a suitable interval after administration of the foreign substance. In the pres- 
ent case, however, a theoretically ideal solution, in which the fluorescence de- 
veloped by alkalinizing adrenochrome and noradrenochrome* is permitted to 
fall to zero by withholding ascorbie acid, appears inaeceptable since the 
‘‘blanks’’ frequently give higher readings than the unknowns. Obviously 
some aspect of the blanking technique causes one or more constituents of the 
eluates to emit or transmit more light than in the samples, and certainly the 
constituents concerned cannot be E or N. A large proportion of the “‘fluores- 
cence’’ read by any fluorometer appears to result from reflected light (an 
empty cuvette gives a high reading), suggesting that the measurements must 
be a mixture of fluorometry, colorimetry, and nephelometry. In this cireum- 
stance the selection of a ‘‘blank’’ is to some extent arbitrary, since different 
solutions, none of which is fluorescent, may produce different readings in a 
fluorometer. We have retained the present blanking technique because it appears 
to be the only alternative to the original method* in which all constituents 
of the final mixture are present equally in samples and blanks. In the blanks, 
oxidation of E and N is prevented by the addition of ascorbic acid prior to the 
addition of ferricyanide, and consequently fluorescence does not develop when 
the mixture is made alkaline. A blanking method omitting ferricyanide en- 
tirely should achieve the same purpose, but we have rejected it because read- 
ings obtained by this method are consistently lower than when ferricyanide is 
added to the blanks. This is true even in plasma which has been blanked by 
aging, indicating that ferricyanide contributes to the ‘‘fluorescence’’ meas- 
ured independently of its action on E or N. 

The method described may be sufficiently sensitive to detect evidence of 
the resting secretion of the adrenal medullae, i.e., the difference between nor- 
mal arterial plasma E concentrations and zero. This difference amounts to 
approximately 0.1 »g/L. which has been calculated previously" to result from 
the secretion of 0.1 to 0.2 »g/min. E from the adrenal medullae. 

The significantly greater antecubital venous than arterial concentration of 
N presumably reflects the secretion of this substance from sympathetic nerves 
supplying the forearm. Studies are planned to determine whether a signifi- 
cant arteriovenous concentration difference also exists in organs such as brain, 
heart, and liver. 

SUMMARY 


1. A fluorometric method has been described which is capable of detecting 
as little as 1 Mug of epinephrine and 2 to 3 Mug of norepinephrine. 

2. Of a series of biologically occurring substances of similar chemical strue- 
ture, only isopropylnoradrenaline interfered with the detection of epinephrine 
or norepinephrine by this method. Isopropylnoradrenaline resembled epi- 
nephrine, but could be distinguished from norepinephrine. 
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3. The concentrations of epinephrine and norepinephrine in normal human 
arterial plasma were estimated as 0.10 + 0.10 (s.d.) and 0.20 + 0.12 (s.d.) micro- 
grams per liter, respectively. 


4. The concentration of epinephrine in antecubital venous plasma was 
lower, and that of norepinephrine higher, than in arterial plasma, the difference 
being statistically significant for norepinephrine but not for epinephrine. 
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THE EFFECT OF PRIOR CONTACT BETWEEN ACID CITRATE 
DEXTROSE AND SODIUM RADIOCHROMATE SOLUTIONS ON 
THE EFFICIENCY WITH WHICH Cr** LABELS RED CELLS 


T. A. CunnincHAM, M.B., M.R.C.P.E.,* E. M. MeGirr, B.Se., M.B., M.R.C.P., 
AND W. E. CLEMENT, B.Se. 
GLASGow, SCOTLAND 


INTRODUCTION 


INCE Gray and Sterling? showed that human red cells contained about 20 

pg per 100 ml. of chromium, Cr*?-labeled erythrocytes have been used to 
measure the body red cell mass and the in vivo red cell survival time. During 
experiments in this department to determine the optimum conditions for the 
tagging of red cells with Cr*! it was accidentally observed that the admixture 
of sodium chromate (Na.Cr*0,) with an acid citrate dextrose (A.C.D.) 
solution before the addition of red cells (not after, as is the usual practice) 
led to comparatively poor labeling. 


As such a finding appeared to preclude the preparation of stock mixtures 
of A.C.D. and Na.Cr°'O, solutions in anticipation of their use, a series of 
experiments was designed to elucidate the reaction involved. While this work 
was in progress Cooper and Owen? reported impaired Cr°! labeling of eryth- 
rocytes when Na.Cr*'O, solution was mixed with either A.C.D. solution or 
citrated plasma prior to the addition of blood. In explanation they postulated 
that ‘‘plasmatie reducing substanees’’ converted the chromate to the chromic 
ion, which does not penetrate the red cell membrane but becomes bound to 
the plasma proteins. 


Our investigations confirm that, under certain circumstanees, reduction 
of the chromate ion does occur. They suggest that a chromie-citrate complex 
forms so that the chromic ion does not become bound to the plasma protein. 
The results appear to be of sufficient theoretical interest, as well as of enough 
practical importance to justify their publication. 


METHODS 


A preliminary experiment established that, at normal hematocrit values, more efticient 
labeling of red cells occurred in A.C.D. solution (1 part to 4 parts whole blood) than in 
saline suspension of red cells or when heparin was used as the anticoagulant (Fig. 1). 


At lower hematocrit values, however, poorer labeling occurred in A.C.D. solution than 
in saline (Fig. 2). 
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With this knowledge the experiments were designed using A.C.D. anticoagulant and 
blood from patients with normal hematocrit values. Eight milliliters of whole blood or 
saline suspension of washed red cells were added to 2 ml. of the A.C.D. solution, or of the 
other test fluids, with which 5 we of Cro1 had been mixed for varying periods of time. The 
mixtures were then incubated at 37° C. for 15 minutes. Thereafter, the red cells were 
separated by centrifugation for 5 minutes at 2,000 r.p.m. at a radius of 25 em. and were 
washed once in normal saline. The red cells were hemolyzed by saponin before their radio- 
activity was assayed. Radioactivity was measured in an EKCO liquid scintillation counter, 
connected with an EKCO autosealer. The sensitivity of the apparatus for Cr51 was approxi- 
mately 14,000 ¢.p.m. per microcurie per 10 ml. with a background of 75 ¢.p.m. The uptake 
of Cr51 by the red cells was recorded by expressing the radioactivity of the red cells as 
a percentage of the total radioactivity of the cells and washings. 


For the sake of brevity the essential details of the individual experiments are taken 
along with their results. 


100, 100, 
7) 
80} 
60 60 
E IIs in sal 
40} ——« cells in saline. 
2 o—A.C.D. BR cells inA.C.D.-BP 
Saline. 
2 Neparin. 3 
10 20 30 40 $0 60 10 20 © 40 §0 70 80 


Minutes. 
Fig. 1. 


Hematocrit per cent. 


2. 


Fig. 
Fig. 1—Comparison of efficiency of labeling of red cells with Cr in A.C.D. (B.P.), 
saline, and heparin. 


, Fig. 2.—Comparison of efficiency of labeling of red cells with Cr* at different hematocrit 
values. 


RESULTS 


1. The Effect of Prior Contact Between Na,Cr*!0, and A.C.D. Solution.— 
When Na.Cr"O0, was left in contact with A.C.D. solution before the addi- 
tion of blood, the labeling of the red cells was impaired. Fig. 3 demonstrates 
that the longer the contact the greater the deterioration in labeling efficiency. 
It also shows that deterioration is more rapid with A.C.D. (B.T.S.*) solution 
than with A.C.D. (B.P.+) solution. 

2. The Effect of Variation in Concentration of Sodium Citrate——Each of 5 
solutions of disodium citrate, the citrate concentration such that it varied from 
1.2 to 2.68 per cent after the addition of Na,Cr°'O,, was allowed to react for 


*A.C.D. (B.T.S.) (Blood Transfusion Service): pH at 5.1 sodium acid citrate (2 per 
cent) and dextrose (3 per cent). 


This gee is sterilized by autoclaving. 


7A.C.D. (B.P.) (British Pharmacopeal Formula): pH at 5.1 trisodium citrate dihydrate 
(1.29 per aaa, citric acid monohydrate (0.46 per cent), and dextrose (2.5 per cent). 


These proportions of trisodium citrate and citric acid yield in solution disodium hydrogen 


citrate. The citrate and dextrose solutions are prepared and are autoclaved separately. The 
final mixture is resterilized by Seitz filtration. 
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1 hour. In all of these solutions, especially the more concentrated, labeling 
was impaired compared with controls in which the Cr** was added after the 
blood (Table 


3. The Effect of Citrate Solution of Varying pH.—Equimolar solutions 
(0.0847 M) of mono-, di-, and trisodium citrate of pH 4, 5.1, and 8, respectively, 
were allowed to react for 1 hour with the Na,Cr*10, solution. Labeling of the 
red cells was impaired in the more acid solutions (Table IT). 


Cr’ bound to red cells per cent. 


Minutes. Mours. 


Fig. 3.—The effect of prior contact between NazCr'0, and A.C.D. solutions on the efficiency of 
labeling of red cells with Cr, 


TABLE I. THE Errect OF VARIATION IN CONCENTRATION OF SODIUM CITRATE ON THE 
EFFICIENCY OF LABELING RED CELLS WITH Cr51 


CONCENTRATION OF PER CENT Cr*! BOUND TO RED CELLS 
CITRATE PRIOR CONTACT BETWEEN Na,Cr510, AND CITRATE 

(PER CENT) 1 HOUR | NIL 

1.2 77 96 

1.6 79 96 

2.0 72 95 

2.4 65 95 

2.68 49 93 


TABLE II. THe EFFECT OF VARIATION IN pH oF CITRATE SOLUTIONS ON THE EFFICIENCY OF 
LABELING RED CELLS WITH Cr51 


PER CENT Cr*! BOUND TO RED CELLS 
PRIOR CONTACT BETWEEN Na,Cr™0, AND CITRATE 


SOLUTION pH 1 HOUR | NIL 
Monosodium citrate 4.0 60 87 
Disodium citrate 5.1 76 89 
Trisodium citrate 8.0 91 93 


4. The Effect of Variation in Concentration of Dextrose —Five solutions of 
dextrose (unbuffered), of which the final concentration after the addition of 
Na.Cr*'O, solution was 1.2 to 2.68 per cent, were allowed to react for 1 hour. 
They produced slight but consistent impairment of labeling compared with 
simultaneous controls (Table IIT). 


A.C.D. -BP 
A.C. Dd. - B.T.S. 
| 
| 
| 
| 
| 
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5. The Effect of Dextrose Solutions of Varying pH.—Solutions of dextrose 
of 2.4 per cent final concentration and pH of 2, 6, and 10 were allowed to react 
with the Na,Cr**O, solution for 19 hours. The pH of the mixture was adjusted 
to approximately 7 before the addition of red cells. Control experiments for 
each pH were done with saline in place of dextrose. The dextrose solutions 
diminished the ability of the Cr*' to label red cells. This effect was most 
pronounced in acid solution. Less pronounced loss of labeling was observed 
in the saline controls (Table IV). 


TABLE III. THE EFFECT OF VARIATION IN CONCENTRATION OF DEXTROSE ON EFFICIENCY OF 
LABELING RED CELLS WITH Cr51 


‘4 
CONCENTRATION PER CENT OF Cr*? BOUND TO RED CELLS 
OF DEXTROSE PRIOR CONTACT BETWEEN Na,Cr”0, AND DEXTROSE 

(PER CENT ) 1 HOUR | NIL 

1.2 87 92 

1.6 87 92 

2.0 87 93 

2.4 86 91 

2.68 84 90 


TABLE LV. THE EFFrecT OF VARIATION IN pH OF DEXTROSE SOLUTIONS ON THE EFFICIENCY OF 
LABELING Rep CELLS WITH Cr, PRIoR CONTACT BETWEEN Na,Cr™O, AND 
DEXTROSE OF 19 Hours 


pH OF DEXTROSE PER CENT OF Cr** BOUND TO RED CELLS 
SOLUTION DEXTROSE | SALINE CONTROL 
2 0 37 
6 21 91 
10 65 81 


tri-sodium citrate. 
+--—--++ tri-sodium citrate ¢ dextrose. 
o------o di- sodium citrate. 
x-——-x di-sodium citrate ¢ dextrose. 


Cr* bound to red cells per cent. 


| 
20+ 
~ 
35 25 50 
Mours. 


Fig. 4.—The effect of prior contact between NasCr0, and citrate solutions of pH 5.1 and 8, 
with and without glucose, on the efficiency of labeling of red cells with Cr*, 


6. The Effect of Citrate Solutions With and Without Glucose.—Solutions of 
sodium citrate of pH 5.1 and 8, respectively, were used, both with and without 
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3 per cent dextrose. When the Na.Cr*'0, was left in contact with these solu- 
tions, the ability of the Cr*! to label red cells was impaired especially at the 
lower pH (Fig. 4). The longer the exposure the more noticeable was the effect 
which was probably also more obvious in the presence of dextrose. 


7. The Effect of Light on the Reaction Between the Na,Cr*!O, and A.C.D. 
Solutions.—As chromates have photosensitive properties, it was thought worth 
while to investigate the effect of light on the reaction between Na.Cr*'O, and 
A.C.D. solution. 

Na.Cr*'O, was added to A.C.D. (B.P.) solution and part of the mixture 
kept in the dark while the remainder was exposed to the light of a 100 Watt 
tungsten lamp at a distance of 6 inches. The temperature of both solutions 
was controlled at 18° ©. by means of a cirulating water bath. Assays of the 
labeling power of these mixtures at intervals showed that in the dark there 
was little impairment in the first 4 hours but in the light rapid loss occurred 
from the outset (Fig. 5). 


: 

— 


Fig. 5.—The effect of light on the reaction between Na2Cr*'0;, and A.C.D. solutions. 


8. The Effect of Autoclaving A.C.D. Solution—When A.C.D. solution 
was heated to 100° C. for 4 hours a yellow discoloration developed, indicative 
of early caramelization of the dextrose. The labeling power of Na.Cr°’O, was 
impaired very rapidly when mixed with these solutions. (Table V). 


TABLE V. THE Errect OF AUTOCLAVING A.C.D. SOLUTIONS ON THE EFFICIENCY OF LABELING 
Rep CELLS WITH Cr™ 


PER CENT OF Cr*! BOUND TO RED CELLS 
DURATION OF A.C.D. (B.P.) A.C.D. (B.T.S.) 


CONTACT BETWEEN NOT NOT 
Na,Cr™0, AND A.C.D. AUTOCLAVED AUTOCLAVED AUTOCLAVED AUTOCLAVED 
30 min. 3 84 2 86 
60 min. 2 81 2 88 


9. Attempts to Identify the Degradation Products of Sodium Chromate 
Formed in the Preceding Reaction.—Evidence for the reduction of the chro- 
mate ion to the chromic ion was found. Na,Cr*'O, solution was exposed to the 
action of 3 per cent dextrose in N/10 HCl, both in the light and in the dark 
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for 4 hours. Any chromic ions formed by reduction from chromate were then 
precipitated by ammonia. Carrier chromie ions were provided to facilitate 
handling of the precipitate and carrier chromate to minimize the loss of un- 
reduced chromate due to adsorption by the fine precipitate. The precipitate 
was separated and redissolved in HCl so that its radioactivity could be esti- 
mated. The precipitation, along with the carrier chromic ion, of a proportion 
of the radioactivity, which increased with the passage of time and on exposure 
to light, indicated that, under the conditions of this experiment, chromate was 
reduced by dextrose (Table VI). 


TABLE VI. PERCENTAGE OF Cr51 PREcIPITATED WitH CHROMIC IONS AFTER ADMIXTURE OF 
Na.Cr510, With 3 Per Cent DEXTROSE IN N/10 


DURATION OF CONTACT BETWEEN Na,Cr™0, SOLUTION EXPOSED IN 
AND 3 PER CENT DEXTROSE IN N/10 Hel LIGHT | DARK 
1 Hour 38 14 
4 Hours 59 31 


The formation of complexes between chromic ions and citrate precluded 
the use of this method to study the reaction between Na.Cr*'O, and citrate 
solutions, or for that matter the use of the ion exchange resin technique. 


Unsterilised A.C.D. Autoclaved A.C.D 


per cent. 


ton 


Transmi 


Wavelength 


Fig. 6.—The effect of autoclaving A.C.D. (B.P.) solution on the rate at which it reacts 
with 1 per cent K2CrO,s solution. Curves 1, 2, and 3 are the transmission spectra of freshly 
prepared mixtures of A.C.D. (B.P.) solution with 1 per cent K2CrOs, 1 per cent Cre(SOs)s, 
and 0.5 per cent K2CrOs plus 0.5 per cent Cre(SOs)s. Curve 4 is the transmission spectrum 
of 1 per cent K2CrO, solution mixed with A.C.D. (B.P.) solution after 11 days’ exposure to 
light. Curve 5 is the same for a similar mixture kept in the dark for 11 days. 


Instead a spectrophotometrie analysis was made of mixtures of 1 per cent 
K.CrO, with acid dextrose (N/10 HCl), A.C.D. (B.P.), citrie acid, mono- 
sodium citrate, and disodium citrate solutions. The same method was used to 
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study the reaction between K,CrO, and A.C.D. (B.P.) solution, and between 
K.CrO, and 3 per cent dextrose in 2 per cent acid citrate solution, before and 
after autoclaving. 

Solutions which contain chromic ions have an absorption band maximal 
between 570 and 580 mp. An absorption band in this position developed in 
the test solutions except in the mixtures with disodium citrate where little or 
no reaction was observed. The absorption band became more intense with 
time, the change being more rapid in solutions exposed to light. When solu- 
tions containing dextrose were autoclaved, the appearance of the absorption 
band was more rapid than in identical solutions which were not autoclaved 
(Fig. 6). 

DISCUSSION 


With the standard technique used in our department excellent labeling 
of red cells occurs. Four parts of whole blood are mixed with 1 part of 
A.C.D. solution and Na.Cr**O, is then added. The mixture is ineubated at 
37° C. for 15 minutes. Provided that the hematocrit is 40 per cent or more 
approximately 90 per cent of the Cr is taken up by the red cells. In saline 
suspensions of red cells, even when the hematocrit of the mixture is as low as 
20 per cent, equally good labeling occurs. Cooper and Owen? reported similar 
efficient labeling in A.C.D. solution with blood of normal hematocrit values. 
They also noted diminution of the labeling efficiency as the hematocrit fell. 
They observed that labeling with Cr*! never reaches 100 per cent, a finding 
which they attributed to the conversion, by ‘‘plasmatie reducing substances’’ 
of a small amount of the chromate ion to the cationic chromie state, in which 
they considered it would become bound to the plasma protein. 

The details of their experiments, in which they studied the reduced ef- 
ficiency in labeling red cells when the chromate solution was premixed with 
plasma, show: that the Cr°! was exposed not to plasma only but to a plasma- 
citrate-dextrose mixture. In the light of our experience it would appear that 
at least part of the effect they observed could be attributed to the citrate- 
dextrose mixture rather than to the plasma. 

The impaired labeling in A.C.D. solution of blood samples with low 
hematocrit values is probably due to the fact that under these conditions the 
chanee is reduced of a chromate ion entering a red cell and becoming bound 
there before being affected by the citrate-dextrose in the suspending solution. 
In saline suspensions of red cells, where no component of the suspending solu- 
tion is capable of reacting with the chromate ion, a very large proportion of 
these ions will enter the red cells even when these are widely spaced in anemic 
blood. 

Our experience indicates that the blood of anemic patients can be effee- 
tively labeled in three ways. The hematocrit may be adjusted to 40 or more 
by the removal of some of the plasma, or the cells may be washed and sus- 
pended in saline before the addition of the Na,Cr'0,. Finally a larger dose of 
Na.Cr**O, may be added to the anemic blood, to allow for less efficient labeling, 
and the surplus radioactivity removed by washing the cells after incubation. 


' 
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The accidental observation that admixture of Na.Cr*'0, with A.C.D. 
solution before the addition of red cells might lead to comparatively poor 
labeling is amply confirmed in the experiments designed to elucidate this find- 
ing. They show that a variety of influences may impair the ability of the 
chromate ion to enter red cells. The labeling power of Na.Cr*'O, is adversely 
affected by decreasing the pH of the solution, by increasing the citrate concen- 
tration, and to a lesser extent by inereases in concentration of dextrose. 
Whatever the nature of the reaction involved, it is accelerated by exposing 
the reaction mixture to light. Impairment occurs more rapidly with A.C.D. 
(B.T.S.) solution than with A.C.D. (B.P.) solution. The concentrations 
of both citrate and dextrose are greater in A.C.D. (B.T.S.) solution than in 
A.C.D. (B.P.) solution, and these differences are probably of significance. 
The methods of sterilizing these solutions also differ in detail. Autoclaving 
dextrose solution tends to cause caramelization with an increase in its reduc- 
ing properties. The components of both A.C.D. preparations are autoclaved 
but it would appear that the technique used by the B.T.S. laboratory causes 
more caramelization. We have demonstrated that A.C.D. (B.P.) solution 
is also capable of causing very rapid deterioration in the labeling power of 
Na.Cr*0, if visible caramelization is produced in it by heating to 100° C. for 
4 hours. 

Anionie chromium in the form of Na.Cr®!O, has a marked affinity for red 
cells and in the tracer amounts used in labeling techniques, under optimum 
conditions, it is almost entirely taken up by the red cells. Cationic chromium 
in the form of Cr'Cl,, on the other hand, enters the red cells only in negligible 
amounts, if it does so at all. Thus reduction of the chromate to the chromic 
ion, as suggested by Cooper and Owen? offers a simple but probable explana- 
tion for the changes in Na.Cr°'0, when it is mixed with A.C.D. before the — 
addition of red cells. Evidence that reduction of chromate to chromic ions 
by acid dextrose does occur was obtained both by tracer techniques and by 
spectrophotometric analysis of mixtures of acid dextrose with K.CrQ,. 

The formation of complexes between chromic ions and citrates precludes 
the use of the more direct methods of detecting the conversion of chromate 
to chromie ions, such as precipitation or trapping by an ion exchange resin, 
to study the reaction between Na.Cr*'O, and citrate solutions. However, the 
spectrophotometric analysis of mixtures of citrate and chromate solutions 
reveals, in time, the development of an absorption band between 570 and 580 
mp; this is of similar configuration to that found in the test solutions to which 
chromic ions have been added. The rate of development of this band appears 
to be influenced by the same factors as those which affect the labeling power 
of chromate. Thus it appears more rapidly in acid solutions exposed to the 
light and when the A.C.D. solution has been partially caramelized by heat- 
ing. There is a discrepancy in the case of disodium citrate which proved inac- 
tive against 1 per cent K,CrO, in the spectrophotometrie study, whereas in the 
tracer experiments it was almost as active as A.C.D. solution in reducing the 
labeling power of chromate. This may well be explained by the buffering 
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action of 1 per cent K.CrO, solution which is probably sufficient to raise the 
pH of the disodium citrate solution to a value at which the reaction is very 
slow. The critical value for this purpose would appear to be about pH 6. At 
lower values a proportion of the chromate is converted to the more active 
dichromate and chromie acid. 


The difficulty which we experienced in measuring the proportion of chro- 
mate ion reduced to the cationic state in citrate solutions raises the question of 
whether the biologic behavior of the chromic-citrate complex may differ from 
that of the free chromic ion which, as previously mentioned, becomes bound to 
the plasma proteins. Pilot experiments have been carried out to clarify this 
question. Serum was ineubated with chromic chloride or with chromate, the 
power of which to label red cells had been destroyed by contact with A.C.D. 
solution. Electrophoretic analysis of the serum showed that the chromie 
chloride and the reduced chromate behave differently. Chromic chloride 
moves with the proteins, chiefly the albumin fraction, whereas the ‘‘reduced 
chromate’’ migrates very rapidly towards the anode, behaving as a free anion. 
Comparison of the behavior of chromic chloride and ‘‘reduced chromate’’ in 
vivo would be of interest. 


CONCLUSIONS 


Our studies have shed light on the change that occurs in the chromate ion 
when solutions of Na.Cr*O, and A.C.D. are mixed. There is good evidence 
that the chromate ion is reduced to the chromic state so that it ean no longer 
enter the red cells, as suggested by Cooper and Owen.? Our investigations 
also suggest that a chromic-citrate complex forms, the biologic behavior of 
which is as yet unknown. Pilot electrophoretic studies show that chromic 
chloride and the chromic-citrate complex behave differently in vitro. The 


former moves with the proteins, whereas the latter migrates rapidly towards 
the anode. 


Our experience suggests that it is not possible to keep stock mixtures of 
A.C.D. and Na.Cr*'O, solutions for more than 4 hours, if efficient labeling is 
to be maintained. Even this period of premixing is possible only if the A.C.D. 
solution is not sterilized by autoclaving, and the mixture is not exposed to 
strong light. 


SUMMARY 


Prior admixture of Na.Cr*'O, and A.C.D. solutions, which would enable 
a solution of A.C.D. labeled with Cr*' to be maintained for emergency use, 
impairs the ability of Cr*' to tag red cells. 


The effect is more obvious with A.C.D. (B.T.S.) than with A.C.D. 
(B.P.) solution. 


Labeling is adversely affected by the duration of prior mixing before the 
addition of red cells, by decreasing the pH of the solutions, by increasing the 
concentration of citrate and dextrose, by exposing the A.C.D and Na.Cr*0, 
mixture to light, and by autoclaving the dextrose solutions. 
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Inquiry into the nature of the change which oceurs in the Na,Cr*"0, has 
‘established that the chromate is reduced to the chromic ion. The ‘‘reduced 
chromate’’ forms a firm complex with citrate and does not become bound to the 
plasma protein as does the free chromic ion. Evidence is presented to show 
that it is not possible to keep a solution of A.C.D. labeled with Cr*' and main- 
‘tain efficient labeling for more than 4 hours. 


We wish to express our thanks to Professor L. J. Davis for his advice and criticisms. 
We are grateful for the help of Dr. Bell, Department of Chemistry, Glasgow University, and 
Dr, Crawford, Royal College of Science and Technology, Glasgow, with whom we discussed the 
chemical aspects of the investigations. 


The radiochromium was supplied by the Regional Physics Centre, Glasgow, Scotland. 
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ABSTRACTS 


1. COMPARISON OF THE INFLUENCE OF OPERATIVE TRAUMA AND 
NUTRITIONAL MANAGEMENT ON METABOLIC ALTERATIONS 


E. Assort, M.D., Harvey Kriecer, M.D. (By Invitation), AND 
STaN.Ley Levey, Px.D. (By CLEVELAND, OHIO 


In previous studies on patients of the same sex undergoing a gastrectomy 
it was noted that by providing adequate amounts of nitrogen, calories, electro- 
lytes, and fluids, postoperative abnormalities in the metabolism of sodium, 
nitrogen, and potassium as well as loss of body weight could be minimized or 
negated. In order to eliminate the effect of variations resulting from different 
ages and states of nutrition and to assess the effect of operative stress versus 
diet, the following studies were carried out. The metabolie changes resulting 
from a 3-day control period of intravenous feeding were compared with altera- 
tions occurring following cholecystectomy when the patients were maintained 
on the same intravenous regimen as that given during the control period. Ten 
women were studied, all of whom underwent a cholecystectomy. Three were 
maintained solely on a 5 per cent dextrose solution in water during the control 
and 3-day postoperative period. Three additional subjects received a com- 
parable regimen plus approximately 90 mEq. of both sodium and potassium. 
A third group of 4 women were given the latter regimen plus a 5 per cent 
protein hydrolysate. The daily excretion of urinary 17-hydroxycorticoids were 
within the normal range for both the control and oral repletion period. On 
the day of operation and the next two days there was an increase in excretion 
of the 17-hydroxyeorticoids (50 to 300 per cent of the control value). 

It may be concluded from the results obtained that while there was some 
variation from patient to patient in the metabolic alterations of the two periods 
the changes noted were largely due to the nutritional regimen employed and to a 
lesser degree to the stress of operation. Similar studies with another group of 
patients indicate that postoperative complications (hemorrhage, fever, ete.) or 
severe trauma in men evokes a greater metabolic response than that oceurring in 
these women who underwent a cholecystectomy. . 
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2. RELATIONSHIP BETWEEN A RANGE OF TISSUE TEMPERATURE 
AND LOCAL OXYGEN CONSUMPTION IN THE 
RESTING FOREARM 


D. I. ABramson, M.D., A. KAHN (By Invitation), S. Tuck, JR., B.S. 

(By Invitation), G. A. TurMAN, M.D. (By Invrration), H. REsat, 

B.S. (By Inviration), AND C. J. FLeiscuer, M.D. (By Invitation), 
Curcaco, IL. 


With the introduction of hypothermia in surgery interest has been revived 
in the effects of temperature on tissue metabolism. Although work has been 
performed in the past on in vitro muscle slices and on the entire organism, the 
effects of changes in temperature on the oxygen consumption of specifie tissues 
in vivo have not been reported. Such a study was attempted in the present 
investigation, involving 21 experiments on 13 normal subjects. 

In each instance blood flow in the forearm was obtained using the venous 
occlusion plethysmograph, with the limb being exposed consecutively to water 
at 45°, 32°, and 17° C. Oxygen content of samples of blood, collected at each 
bath temperature from veins draining the tissues under study, was determined 
with the Van Slyke manometric method. Skin, subeutaneous tissue, and muscle 
temperatures were also recorded at each bath temperature, using thermocouples. 
From the data on blood flow and oxygen determination, oxygen consumption 
of the tissues of the forearm (except bone) was ealeulated. 

At an average tissue temperature of 39.9° C. (produced by a bath 
temperature of 45° C.), the average oxygen consumption was 0.332 ml./min./100 
ml. limb volume. At an average tissue temperature of 34.5° C. (produced by 
a bath temperature of 32° C.), the average oxygen consumption was 0.173 ml. 
At an average tissue temperature of 24.0° C. (produced by a bath temperature 
of 17° C.), the average oxygen consumption was 0.071 ml. 

A statistical analysis of the variations of oxygen consumption as related 
to average tissue temperature revealed an overwhelmingly significant difference 
in the readings obtained at the three bath temperatures. 

Therefore it was concluded that exposure of the tissues of the forearm to 
local heat produced a definite rise in oxygen consumption, while cold had the 
opposite effect. The Q,. of the oxygen consumption rate was found to have a 
mean value of 2.5. 


3. EXOPHTHALMOMETRY IN GRAVES’ DISEASE 
A TWENTY-YEAR STUDY 
Bartietrt, Jr., M.D., St. Louts, Mo. 


Exophthalmometrie measurements are reported on 75 patients treated for 
Graves’ disease since 1936. The average period of serial observations is 11 
years, the shortest is 2 years, and the longest is 20 years. 


Analysis of Data on Proptosis—(1) No characteristic change accompanied 
the uniform metabolic improvement during preoperative treatment. (2) Be- 
tween preoperative and early (4 months) postoperative measurements, decrease 
occurred in 10 per cent. (3) Between either preoperative or early postoperative 
measurement and the final observation, decrease occurred in 16 per cent, increase 
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in 74 per cent. (4) The range of final measurements in 59 instances reveals 
proptosis of 18 mm. or less (bilateral) in 15 per cent, of 20 mm. or less in 27 
per cent. (5) In serial observations on 46 postoperative patients of constant 
therapeutic regimens, variation of proptosis of as little as 1 mm. was seen in 
only 2 patients, regardless of metabolic status. 


Comment.—Individuals who have had Graves’ disease show a wider varia- 
tion of proptosis from time to time than do others. Cosmetic improvement 
reflects only narrowing of the palpebral fissure. Postoperative hypothyroidism 
is accompanied by exaggeration of the usual increase in proptosis, and this is 
prevented or reversed by adequate thyroid dosage, as stated by Ruedemann 
(1931) and the author (1932), even in early ‘‘malignant’’ exophthalmos. 


These data do not support the views that there is a correlation between 
increase of proptosis and either the rapidity (Soley) or the amount (Dobyns) 
of reduction of metabolism. 


Undoubtedly, many orbital decompressions have been performed without 
knowledge of an alternative. In this series, 5 patients with ‘‘malignant’’ 
exophthalmos have been seen and 4 have previously been cared for, none re- 
quiring orbital decompression since 1930. 


Desiccated thyroid in small doses is being employed late in the preoperative 
regimen and is promptly increased after operation to maintenance dosage. Chil- 
dren are treated exactly as are adults. The author continues to reject the dictum 
that thyroidectomy should be avoided in the patient with severe exophthalmos 
and mild hyperthyroidism. 


Menstrual histories of 50 patients in this series suggest strongly that 


menstruation persists to a higher age in women who have had Graves’ disease 
than in others. 


4. PULMONARY FUNCTION IN OBESE PERSONS 


Greorce N. Bepett, M.D. (By INnviration), R. Witson, M.D. (By 
INVITATION), AND PauL M. Seesounm, M.D., Iowa Crry, Iowa 


Numerous medical reports have appeared calling attention to a syndrome 
of obesity, arterial hypoxemia, alveolar hypoventilation, and polyeythemia. This 
study was undertaken to demonstrate (1) the frequeney of this syndrome in 
extremely obese persons, and (2) the mechanism of hypoxemia. Pulmonary 
funetion studies have been done in 22 obese persons and 14 of these have been 
restudied following weight loss. 


The patients are divided into 2 groups depending on arterial oxygen 
saturation at rest. Twelve patients (average weight 300 pounds) with normal 
saturation were put in Group I. These patients had normal lung volumes; 
mean minute volume of ventilation of 9.9 L., mean alveolar ventilation of 6.3 L., 
mean physiologic dead space of 215 ml., slightly uneven distribution of inspired 
air, mean maximal breathing capacity (MBC) of 86 per cent of predicted nor- 
mal; mean maximal expiratory flow rate (MEFR) of 209 L./min., mean 
maximal inspiratory flow rate (MIFR) of 154 L./min., and normal diffusion. 
Five patients restudied after a mean loss of 54 pounds had an increase in mean 
expiratory reserve volume (ERV) from 64 per cent to 106 per cent, increase 
in mean MBC from 76 per cent to 91 per cent, increase in mean MEFR from 
180 L./min. to 199 L./min., and MIFR from 170 L./min. to 194 L./min. 


Ten obese patients (average weight 315 pounds) with arterial hypoxemia 
compose Group II. Nine of the 10 had clinical or laboratory evidence of lung 
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disease. One patient had arterial hypoxemia (90.2 per cent) and no evidence 
of lung disease. Following weight reduction some of these patients had im- 
proved pulmonary function. 


We conclude that in most obese persons hypoxemia is secondary to lung 
disease and not caused by obesity alone. Obesity in persons with normal lungs 
causes a decrease in ERV, MBC, MEFR, and MIFR, but is partly reversible 
by weight reduction. 


5. OBSERVATIONS ON POTASSIUM REQUIREMENTS IN MAN 


B. Bran, M.D., AND Rosert Hopcrs, M.D. (By Inviration), 
Towa Crry, Towa 


There are no long-term studies of potassium requirements in man. Often 
it is stated that any natural diet has enough potassium. In recent experiments 
on pantothenic acid metabolism, 6 normal young men were maintained on a 
purified, partly synthetic diet containing 800 mg. of potassium a day expressed 
as potassium ions. Three of the 6 received an additional gram of potassium 
chloride daily. One patient with added potassium and one without were given 
only the standard diet and a standard vitamin and mineral supplement. An- 
other pair had the same regimen but pantothenic acid was removed, and the 
remaining pair had large doses of a pantothenic acid antagonist omegamethyl 
pantothenic acid. The experimental period of 10 weeks followed a 4-week 
control period. There was a similar recovery period. The urinary excretion 
of potassium fell rapidly in all subjects on the experimental diet and became 
steady at a lower level after two weeks, ranging from 10 to 20 mEq. a day. On 
many oceasions the serum potassium of those without supplements fell below 
our lower limit of normal, but symptoms of hypokalemia did not appear. Serum 
potassium remained just at or below the lower limits of normal. In each sub- 
ject with supplemental potassium, the urinary levels were a little higher and the 
blood levels within the normal range. Though there was a slight rise in blood 
CO., alkalosis did not develop. 

These observations indicate that an intake of 800 mg. of potassium ions is 
about the minimal daily requirement, and that an additional gram a day is 
adequate, and perhaps ample. 


6. METABOLIC EFFECTS OF HUMAN AND MONKEY GROWTH 
HORMONE IN MAN 


De.Bert M. Bercenstat, M.D., Herpert A. Luss, M.D. (By Invitation), Lots 
F. HALLMAN (By Invitation), JAMES ParreN, M.D. (By Inviration), HERBERT 
J. Levine, M.D. (By Invitation), anp C. H. Li, M.D. (By Invrration), 
BrETHESDA, Mp. 


Growth hormone prepared from human and monkey pituitary glands by 
C. H. Li has been shown to have differences in chemical structure and physical 
properties from that prepared from beef pituitary glands. These growth 
hormone preparations were administered to 3 patients under metabolic balance 
conditions. At dose levels from 2.5 to 10 mg. a day, marked metabolie effects 
were observed including positive nitrogen, phosphorus balances, and altered 
electrolyte balances. By use of intravenous glucose-insulin tolerance tests a 
definite insulin resistance was observed. One patient with persistent lactation 
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demonstrated a marked increase in lactation during growth hormone administra- 
tion. A comparative study of monkey and human growth hormone was made 
in a hypopituitary patient which showed greater activity of the human prepara- 
tion than the monkey preparation. The details of the metabolic balance results 
will be presented. There was no evidence of adrenocortical stimulation and 
only slight thyroid stimulation by these hormones. Measurement of amino- 
polysaccharides in the urine in a hypophysectomized patient with chondro- 
sarcoma resulted in an inerease of this material in the urine during growth 
hormone administration and this probably reflects a stimulation of the forma- 
tion of mucopolysaecharides by the tumor since cartilage tissue is extremely 
sensitive to growth hormone. The relationships of the differences in structure 


between beef and human growth hormone in reference to its metabolic activity 
will be discussed. 


7. AN ATHYROTIC MOTHER WITH TWO CRETINOUS CHILDREN 
WITH THYROID GLANDS 


Wituiam H. Bererwautes, M.D., E. A. Carr, Jr., M.D. (By Inviration), V. N. 
Dovson, M.D. (By Invrration), G. H. Lowrey, M.D. (By Inviration), A. H. 
WHEELER, PH.D. (By INviraTion), AND N. Sparrorp, A.B. (By Inviration), 
ANN Arsor, MicH. 


Most eretins are athyrotie and their mothers are euthyroid. The cause of 
thyroid defects resulting in cretinism is unknown. To our knowledge, no one 
has reported sibling cretins with thyroid glands born to an athyrotie mother, 
nor has anyone suggested that eretins might acquire thyroid damage from 
maternal or fetal thyroid autoantibodies. 


A clinically hypothyroid 26-year-old mother and her 3-year-old and 2-year- 
old cretins were studied. The mother’s 1-, 2-, 5-, and 24-hour thyroid [** up- 
takes, all under 3 per cent, the scintisean of her neck, and her B.M.R. of 
—32 per cent were compatible with total absence of thyroid gland. She regularly 
had taken 90 to 192 mg. of thyroid per day throughout both pregnancies. The 
eretins, at University Hospital before 6 months of age, had demonstrated classic 
physical and roentgenographie stigmata of cretinism, hypothyroid uptakes, 
and a classic response to the subsequent administration of desiccated thyroid. 
Off thyroid for 6 weeks, the children both attained normal I*** uptakes during 
the 1- to 5-hour intervals but subnormal 24-hour uptakes. The 3-year-old 
demonstrated an elevated PBI*** at 24 hours, and the 2-year-old a high normal 
PBI and low normal serum cholesterol. Paper chromatography of serum 
after I’** demonstrated significant quantities of thyroxine in both cretins, 
triiodothyronine in the younger and no diiodotyrosine in either. Precipitin 
and complement fixation tests of the sera of this mother and these children and 
of 11 other mothers of 11 other proved ecretins 6 weeks to 13 years of age have 
not demonstrated human thyroid antoantibodies to date. We have, however, 
demonstrated high human thyroid autoantibody titers in human Hashimoto’s 


struma, and we have demonstrably ‘‘immunized’’ rabbits to human thyroid 
antigen. 


These findings suggest that: (1) eretinism in the human is not a result of 
a low level of maternal thyroid hormone; (2) a child may be born with ‘‘nor- 
mal’’ but too little thyroid gland to maintain adequate body growth; and 
(3) there is no proof, to date, that thyroid autoantibodies of mother or child 
are the cause of thyroid defects of cretinism. 
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8. OBSERVATIONS ON INTRINSIC FACTOR AND THE INTESTINAL 
ABSORPTION OF VITAMIN B,, 


WituiaM R. Best, M.D., Jonn H. Frensrer, M.D. (By AND 
Marvin M. Zoot, M.D. (By Invrration), Curcaco, IL. 


B,.Co® ean be absorbed when placed by tube with intrinsie factor con- 
centrate (IFC) in the stomach, duodenum (best absorption), jejunum, or ileum 
(Fed. Proe. 16: 353, 1957). A patient with pernicious anemia had 8.9 per cent 
24-hour urinary excretion when 1.0 pg B,.Co® was given with 1.0 U. 8. P. unit 
IFC by tube into the proximal ileum followed by 1.0 mg. B,. parenterally. 
Peak exeretion of 1.05 per cent/hr. occurred at 8 to 10 hours, the same time 
as after oral administration. Thus, the main delay in transport of B,. from 
stomach to blood stream is not due to intestinal transit time, but must be related 
to mucosal cell processes. When B,.Co® was similarly given into the mid- 
jejunum without IFC, only 0.6 per cent was excreted, confirming that protection 
of B,. from inactivating forees high in the intestine is not the mode of IFC 
action. 

Another PA patient received 0.5 unit IFC with 1.0 pg B,.Co® and 100 ml. 
thin barium through a tube just proximal to a balloon obstructing the upper 
jejunum. One milligram of B,. was given parenterally at 0, 12, and 24 hours. 
The balloon was released at 12 hours (material was retained in duodenum and 
proximal jejunum by x-ray). Twenty-one hundredths per cent B,,Co® was 
excreted during the first, 0.15 per cent during the second, and 0.27 per cent 
during the third 12-hour periods. The same mixture orally with the same 
injections gave 3.9 per cent during the first, 8.2 per cent during the second, 
and 2.6 per cent during the third 12-hour periods. Barium was in the terminal 
ileum and colon by 12 hours. Thus, vitamin B,. cannot be absorbed by the 
upper small bowel, and, as a matter of fact, IFC activity is destroyed by too 
long a sojurn there. 

Cellular enzymes undoubtedly act (with IFC help) in the transport of 
B,. from gut lumen into cireulation. Carbonie anhydrase might conceivably be 
involved. Two hundred fifty milligrams acetazolamide (Diamox) was given 
every 8 hours for 3 days to 2 patients with pernicious anemia. Schilling tests 
using 1 unit IFC in one patient and 0.5 unit in the other gave 13.8 per cent 
and 10.5 per cent exeretions, respectively, before, and 16.7 per cent and 10.5 
per cent on the third day of acetazolamide administration. Thus, carbonic 
anhydrase is not implicated. 


9. ELECTROPHORETIC STUDIES OF THE SERUM PROTEINS IN 
ACTIVE ULCERATIVE COLITIS 


Ricuarp O. Bicxs, M.D. (By Inviration), JosepH B. Kirsner, M.D., AND 
Watrer L. PaumMer, M.D., Cuicaco, IL. 


The serum proteins were studied serially by filter paper electrophoresis in 
23 patients with active ulcerative colitis. For comparison, normal individuals 
and patients with rheumatoid arthritis, systemic lupus erythematosus, cirrhosis 
of the liver, multiple myeloma, nontropical sprue, regional ileitis, and healed 
uleerative colitis were studied similarly. 


The protein partition in active ulcerative colitis followed two characteristic 
patterns; most commonly, hypoalbuminemia and elevations of alpha-2 and 
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gamma globulin (15 patients) ; less frequently, hypoalbuminemia and elevation 
of alpha-2 globulin only (8 patients). The first pattern has been described in 
collagen diseases and resembles that observed in patients with rheumatoid 
arthritis, scleroderma, and systemic lupus. 

The effect of standard medical treatment, often supplemented with cortico- 
tropin or adrenal steroids, upon the electrophoretic patterns also was studied 
serially. The clinical response in those patients with an elevated gamma glob- 
ulin was prompt; the electrophoretic response was delayed but eventually the 
pattern became normal. In two patients ‘‘T’’ globulins were seen but these 
disappeared with steroid therapy; the clinical response to steroids in these 
cases was dramatic. In the second group, i.e., hypoalbuminemia with elevated 
alpha-2 only, steroids were considerably less effective; large amounts were 
required to achieve any clinical response and complications of such therapy 
were more frequent. 

Steroids do not influence antibody formation but they interfere with anti- 
gen-antibody reactions of the hypersensitivity type. The response to steroids 
in uleerative colitis and the accompanying return of the abnormal protein 
patterns toward normal are in accord with the concept of a hypersensitivity 
mechanism in active ulcerative colitis. Electrophoretic patterns of the serum 
proteins apparently help to select patients who will respond to steroids and 
thus provide a more rational basis for their use. The ‘‘T’’ globulins found in 
two patients suggest that an immunologic mechanism also may be involved in 
the pathogenesis of the disease. 


10. THE GENETIC MECHANISM OF IDIOPATHIC HYPERLIPEMIA 


JosepH D. Boas, M.D., Davin Y1-YunG Hsia, M.D., Rouanp F. Mats, M.D., anp 
JouHn A. BiauER, M.D., Cuicaco, In. 


(IntropucED By Do.Kart, M.D.) 


The propositus, a 9-year-old girl of Puerto Rican origin, was first seen 
because of multiple xanthomata. Subsequently, she developed precordial pain, 
and died suddenly from eardiae complications. On post-mortem examination, 
there was atherosclerosis involving the endocardium and the medium- and large- 
sized arteries, including the blood vessels of the brain. Death was due to 
occlusion of the coronary vessels and infaretion of the myocardium. 

Serum samples were obtained from all members of the immediate family 
on two separate occasions. These were analyzed for total lipids, phospholipids, 
cholesterol, and cholesterol esters. In addition, the serum proteins and lipo- 
proteins were separated by paper electrophoresis. The following changes were 
found: (1) In addition to the propositus, two asymptomatic siblings were found 
to have all of the characteristic changes of idiopathic hyperlipemia. (2) Both 
parents and two additional siblings showed elevations of total and esterified 
cholesterols. (3) The three affected children showed a virtual absence of the 
alpha liproproteins, suggesting that the basic defect in the disease process lies 
in an inability to convert beta liproproteins to alpha lipoproteins. This could 
possibly oceur because of a genetically determined enzyme deficiency. (4) A 
bright blue hue is present over the beta lipoprotein in all three affected chil- 
dren. (5) An abnormal fluorescent, narrow band is seen over the beta globulin 
prone in two affected children and under the gamma globulin area in the third 
child. 

It is generally agreed that a recessive mode of inheritance is suggested if 
the following criteria are present: (1) The presence of the condition in siblings, 
but not among ancestral or collateral relations. This has been shown in the 
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present pedigree. (2) If the condition is present in monozygotic, but not in 
dizygotic twins. This could not be tested in the present family. (3) If there 
is a history of consanguinity in the family. The parents of this family are 
first cousins. (4) If the heterozygous carriers of the abnormal gene are 
detectable by means of laboratory tests. This has been shown in this family. 

This indicates that idiopathic hyperlipemia should be classified among the 
‘‘inborn errors of metabolism’’ and the condition appears to be transmitted by 
a recessive gene. 


11. ACID MUCOPOLYSACCHARIDES IN PLEURAL, PERICARDIAL, 
AND ASCITIC FLUIDS 


Atrrep Jay Bouiet, M.D., Marta W. Px.D. (By Invitation), 
AND F. Srupson, M.S. (By Ixviration), Derrorr, Micn. 


Polyserositis is a frequent occurrence in systemic connective tissue diseases. 
Since connective tissue is characterized by a high content of acid mucopoly- 
saecharides, it was decided to determine whether these substances are present in 
effusions in serous cavities. Pleural, pericardial, and ascitic fluid from 14 
patients was studied, and found to contain acid mucopolysaccharide. The con- 
centration ranged from 44 to 1,470 wg per cent, measured as uronic acid by the 
earbazole method. The highest levels were observed in a pleural and a peri- 
eardial fluid from two patients with systemic lupus erythematosus, and ascitic 
fluid from a patient with carcinomatosis. In general, the lowest levels were 
found in fluid from patients with congestive heart failure and cirrhosis of the 
liver. Following ineubation with testicular hyaluronidase, acid mucopolysac- 
charide could no longer be detected by the methods used. 

Chromatographie studies of the acid mucopolysaccharide isolated from 
several fluids, using a propanol-phosphate buffer system, revealed the presence 
of two components staining metachromatically. One spot had the mobility of 
chondroitin sulfate and heparin, which are not separated by this solvent. The 
second spot remained at the origin, as did samples of hyaluronie acid. All 
the fluid examined in this fashion showed the same two components. Plasma 
samples obtained from these patients as well as many other individuals have 
revealed the presence of components with the chromatographic mobility of 
chondroitin sulfate and heparin, but none resembling hyaluronic acid. In 
addition, the hexosamine isolated from acid mucopolysaecharide of ascitic fluid 
was found to consist of 58 per cent glucosamine and 42 per cent galactosamine, 
whereas that from plasma contained mainly galactosamine. Hyaluronic acid has 
been reported to be present in relatively high concentration in fluid from a 
patient with mesothelioma of the pleura. 

It is coneluded from this data that at least one acid mucopolysaecharide 
present in pleural, pericardia, and ascitic fluid is derived from the lining 
membrane of these serous cavities. Chromatographie studies and the relatively 
high glucosamine content suggest that it is hvaluronie acid. 


12. THE USE OF A SALINE CONDUCTIVITY METHOD FOR THE 
DETERMINATION OF CARDIAC SHUNTS BY THE INDICATOR- 
DILUTION TECHNIQUE 


RicHarp W. Booru, M.D. (By Inviration), JosepH M. Ryan, M.D., 
Ricuarp 8. Goopwin, M.S. (By Inviratrion), CoLumBus, OHIO 


_ The indicator-dilution technique is an accepted method for the determina- 
tion of the site and type of cardiovascular shunting. The most commonly 
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employed indicator has been Evans blue with the dye curves being recorded 
photometrically. 

A new method has been developed for this technique, utilizing the principle 
of a saline induced increase in blood electrical conductivity. The indicator, 
5 per cent saline, is injected into different sites in the right heart during cardiac 
catheterization and the dilution curves are obtained from systemic arterial blood 
drawn through the conductivity cell, which is a hollow plastie cylinder with 
two imbedded platinum electrodes. The remaining instrumentation consists of 
a — modification of any commonly used earrier amplifier plus a standard 
recorder. 

This method has been used successfully in 21 patients with congenital 
heart disease, 12 of whom had shunts. Its validity has been established by: 
(1) simultaneous comparison with dye curves, (2) catheterization data, (3) 
eardiae surgery, and (4) autopsy. Representative curves from 4 patients will 
be shown as follows: (1) a pulmonic stenosis without shunting, (2) an Eisen- 
menger complex with a right-to-left shunt where simultaneous dye and con- 
ductivity curves showed identical contours and time bases, (3) a ventricular 
septal defect where four curves, one from the pulmonary artery and three from 
the right ventricle showed bidirectional but predominately left-to-right shunting, 
and (4) a tetralogy of Fallot with a curve from the right ventricle showing a 
right-to-left shunt. 

The method retains the desirable feature of the Evans blue technique in 
that the curve is immediately available. It possesses, in addition, the following 
advantages: (1) determinations can be made as frequently as desired because 
there is no appreciable accumulation of indicator resulting in increased back- 
ground in the blood; (2) saline does not discolor the patient; (3) saline does 
not interfere with cuvette oximetry as Evans blue does; therefore, curves can 
be obtained at any time during eardiac catheterization; and (4) most of the 
necessary instrumentation is accomplished by the simple and inexpensive modi- 
fication of commonly used amplifier-recording systems. 


13. THE FUNCTIONAL CAPACITY OF PERSISTING NEPHRONS IN 
EXPERIMENTALLY INDUCED CHRONIC BRIGHT’S DISEASE 


Neat S. Bricker, M.D., Hersert Lusowirz (By Invitation), RicHarp R. 
Dewey, M.D. (By Invitation), S. Stokes, M.D. (By Invitation), AND 
DonaLp Y. GotpMAN (By Invitation), St. Louis, Mo. 


The contention is widely held that the kidney with chronie Bright’s disease 
is no longer a ‘‘true’’ kidney in that its constituent nephrons are disorganized 
functionally as well as morphologically. Using a method previously described, 
permanent unilateral renal disease has been induced in dogs. All damaged 
nephrons are thereby confined to one kidney. Comparison of the simultaneous 
functions of both kidneys under a variety of experimental conditions has allowed 
examination of the integrity of the persisting nephrons in the altered kidney. 

Within two to four months after the experimental procedure (perfusion of 
the anoxic kidney with 2,6-dimethylaminopurine-3-amino-d-ribose, diverting 
renal venous blood to prevent recirculation), the involved kidneys become 
contracted, often to one-fourth their original size. Clinically, the animals re- 
main healthy and develop neither hypertension nor progressive anemia. His- 
tologically, the diseased kidneys show sclerosis of glomeruli, dilation, and 
atrophy of tubules and fibrosis. Intact kidneys have remained normal. 

Functionally (GFR, ERPF, Tmpan, and Tmgcose), the diseased kidneys 
show marked and persistent impairment, indistinguishable from contracted 
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kidneys of human Bright’s disease. After an initial increase, the normal kid- 
neys remain at approximately control levels of function. 


Consisteney of clearance values (after stabilization) for prolonged periods 
plus comparability of values for Cor/Cpau, Cor/TMpan and Cor/TMegiucose between 
the two kidneys, support the validity of clearance techniques in studying the 
diseased kidneys. These same data attest to the integrity ofthe persisting 
nephrons in the contracted kidney. Thus the volume of glomerular filtrate per 
unit of effective renal plasma flow and glomerulotubular balanee (Co,/Tmpay 
and Cor/TMgiucose) have remained equal bilaterally although GT balance changed 
in both kidneys after induction of unilateral lesions such that GFR per nephron 
increased. This suggests that functioning nephrons in both normal and diseased 
kidneys adapt to a decrease in total nephron population by increasing GFR. 
The hypothesis that this is the major adaptive change occurring in the con- 
tracted kidney is currently being evaluated. 


It is concluded that nephrons in the contracted kidney are reduced in 
number but possess normal functional characteristics. 


14. THE COLLATERAL CIRCULATION IN CORONARY HEART 
DISEASE: ‘‘BENIGN”’ or ‘‘MALIGNANT’’? 


Bernarp L. BrorMan, M.D., CLEVELAND, OHIO 
(INrRopucED By Harry M.D.) 


In view of the absence of any obligate correlation between the location and 
extent of the occlusive process in the coronary arteries and the clinical- 
pathologie consequences thereof, our comprehension of fundamental patho- 
physiologie relationships in this disease has particularly suffered from a natural 
(and profound) reluctanee (for fear of untoward reactions) to perform such 
vital studies in patients with clinical coronary heart disease. Consequently, 
a priori reasoning and empirical concepts abound. 


This presentation is based upon a unique opportunity for direct hemo- 
dynamie and metabolic observations on the heart in more than 300 patients 
with clinical evidence of coronary heart disease operated upon by Dr. Claude 
Beck. <A large control group was provided by over 500 patients undergoing 
thoracie surgery for other than coronary heart disease. In these studies, direct 
insertion of a catheter into the coronary sinus (or a suitable coronary vein) per- 


mitted serial determinations of the myocardial extraction coefficient ( AN) for 


O,. and various other substrates. From these studies has emerged a more or 
less unexpected observation: Generally, there was no definite increase in 
oxygen extraction, as would be anticipated a priori in patients with coronary 
heart disease; on the contrary, particularly in patients with extensive myo- 
cardial searring, there was a significant decrease (increased coronary venous 
O. content). This apparently paradoxical situation is further confirmed by 
experimental, clinical, and anatomic observations, and should stimulate a 
critical reappraisal of many empirical and old ‘‘established’’ concepts in coro- 
nary heart disease. With adequate collaterals to provide uniform distribution via 
a final common pathway for the ubiquitous red blood cell, the integrity of the 
myocardium may be maintained almost indefinitely despite multiple complete 
coronary artery occlusions. However achieved, intercoronary anastomoses in 
advance of the occlusive process are truly beneficial; the extensive collaterals 
resulting from coronary occlusion and myocardial infarction are not necessarily 
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so, and may actually be deleterious in that they encourage perfusion of a low- 
resistance scar. This preferential flow then deprives adjacent viable myo- 
eardium of critically needed blood. 


15. LEVELS OF ANTIBODY AGAINST DENVER A’-1957 AND 
ASIAN-1957 INFLUENZA VIRUSES IN HUMAN AND 
ANIMAL SERA IN AN AREA NOT YET INVOLVED 
IN AN EPIDEMIC OUTBREAK 


G. O. Broun, M.D., Rost Rrra Scumipt, M.S. (By Invitation), AND 
Sr. M. Laureen Harris, 8.8.M., B.S. (By Invrration), St. Louts, Mo. 


Observation of the incidence of influenza in the area of St. Louis, Mo., in the 
past 14 vears by clinical and laboratory studies permits an evaluation of changes 
in antibody levels occurring in the population in recent months. Studies of 
paired sera, culture of throat washings, examination of sera of infants, and of 
serum pools collected according to date of birth give evidence concerning the 
prevalence of recently isolated strains of influenza virus in this area. 

There is evidence that an A’ strain isolated in Colorado by Dr. Meikeljohn 
in January, 1957, in all probability reached the St. Louis area within a month 
after its isolation but without causing a clinically recognized outbreak. Only 
a few eases showed antibody rises against this virus with accompanying clinical 
symptoms of acute influenza. Evidence for the presence of the virus in the area 
is found by examination of infant sera collected consecutively by months, during 
the winter and spring. This virus shows some cross reactions with A’ strains 
isolated in St. Louis in 1953. Individuals born between 1895 and 1905 show the 
highest levels of ‘‘natural’’ antibodies against the Denver virus. Animal sera 
collected in this area showed antibodies against this strain as soon as and perhaps 
even earlier than human sera collected simultaneously. ~ 

Antihemagglutinins against the Asian strain which had been passed only 
in eggs were found in but a single 80-year-old individual in the St. Louis area 
up to Sept. 1, 1957. He had no evidence of clinical influenza. The strain 
passed through mice has been much more reactive. Highest antibody titers 
have been found in those over 60 years of age. Examination of throat washings 
and paired sera from ‘‘influenza-like’’ illness in this area up to Sept. 1, 1957, 
have shown no definite evidence that the infection has spread to this vicinity. 
Animal sera collected up to this date show no antibodies against the Asian 
strain of virus. 


, 16. SUGGESTED REVISION OF NOMENCLATURE FOR 
INTRAVENTRICULAR CONDUCTION ‘‘DEFECTS’”’ 


J. Marion Bryant, M.D., 8. I. Saw, M.D. (By Invrrarion), H. B. Youn, M.D. 
(By Invitation), AND THomaAs Coox, M.D. (By Invitation), 
New York, N. Y. 


Practically all types of so-called defects of intraventricular conduction 
have been demonstrated by the electrocardiograms of healthy young subjects. 
The conventional pathologie connotation of the term ‘‘bundle branch block’’ 
makes a more objective and purely descriptive nomenclature desirable to aid in 
breaking with the concept that electrocardiographie abnormalities of themselves 
are diseases. Such a change would serve as a step toward reducing the incidence 
of electrocardiographic-induced iatrogenic heart disease. 
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A comparative study of 200 healthy young subjects and 100 older cardiac 
patients serves as the basis for suggesting a revision of electrocardiographic 
nomenclature. Based on the form of the QRS complex, ‘‘normal intraven- 
tricular conduction’’ (classic concept) occurred in 2 per cent of healthy subjects 
and 50 per cent of eardiae patients, ‘‘right bundle branch block’’ in 95 per 
cent of healthy subjects and 22 per cent of cardiae patients, ‘‘left bundle branch 
block’ in 13 per cent of healthy subjects and 22 per cent of cardiae patients, 
and “‘bilateral bundle branch block’? in 10 per cent of healthy subjects and 
3 per cent of cardiae patients. The QRS interval is of little value in assessing 
the presence or degree of intraventricular conduction ‘‘defects,’’ and was 
found to be shorter, on the average, in cardiae patients than in healthy subjects. 

A new nomenclature, based on the form of the QRS complex in right-sided 
unipolar leads and modified by the value of the QRS interval, is suggested. 
The terminology of the American Heart Association is used. Thus, **RS-type’’ 
for the classie type of ‘‘normal intraventricular conduction,’’ ‘‘RSR-type’’ for 
‘right bundle braneh bloek,’’ ‘‘QS-type’’ for ‘‘left bundle ‘branch bloek,’’ and 
““QRSR-type’’ for ‘“‘bilateral bundle braneh block.”’ 


17. REFLECTIONS OF THE AGING PROCESS IN MAN IN HIS 
SPATIAL VECTORCARDIOGRAM 


G. E. Burcu, M.D., Aanp LAWRENCE GoLpEN, M.D. (By Invitation), 
New ORLEANS, La. 


With aging, gradual and subtle progressive changes develop in the tissues, 
including the cardiovascular system. It was thought that such progressive 
changes with aging may be reflected in the spatial vectoreardiogram (sVCG), 
which records electrical events associated with the heartbeat in greater detail 
than the conventionally recorded ECG. 

The sVCG was recorded in 224 normal subjects varying in age from 20 to 
72 vears. <A close similarity was noted for all age groups in magnitude and 
spatial orientation of the maximal mean instantaneous vectors of the QRS 
and T sE-loops with horizontal orientation being greater in the older people. 
The QRS sE-loop progressively and subtly developed ‘‘distortions’’ which rose 
from an ineidence of 22 per cent in the subjects of the third decade of life 
to 88 per cent in those of the seventh decade of life. 

The significance and mechanisms of these changes remain unknown, but 
it would appear that they reflect in large part progressive alterations in the 
order of depolarization with aging, a newly noted expression of senescence. A 
more sensitive galvanometer and higher paper speed would record electro- 
eardiographically some of the alterations. Such myocardial electrical altera- 


tions with age may prove to be clinically useful now that some may be 
objectively recorded. 


18. A SIMPLE, RAPID, AND ACCURATE T-1824 EXTRACTION METHOD 
SUITABLE FOR ROUTINE MEASUREMENTS OF BLOOD VOLUME 


T. J. CAmpBELL, B.S. (By INviration), B. FronMaAN, B.A. (By INviraTIon), AND 
E. B. Reeve, M.D., DENveER, CoLo. 


Methods for measuring blood volume have required special equipment or 
special care, and usually both, and have not been suitable for use in the average 
hospital laboratory. Of the methods available the dye methods come nearest 
to being satisfactory, but direct measurement of the optical density of dyed 
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plasma requires skill and is rendered inaccurate by hemolysis and varying 
opalescence of the samples, and none of the described extraction methods are 
without their difficulties. T. H. Allen’s method (1951, 1953), in which T-1824 
is displaced from albumin by detergent, adsorbed to cellulose, and eluted into 
acetone-water is the best of the latter, but requires 3 hours for the extraction of 
the dye, too long a period for its use in the management of the emergency patient. 
We have modified Allen’s method as follows. One to four milliliters of dyed 
plasma is treated with detergent in sodium phosphate solution. The mixture is 
passed through a wood pulp column (Solka Floe S.W 40A) and the adsorbed 
dye is freed from protein and pigments by a wash of the phosphate solution. 
The dye is then eluted with acetone-water, buffered, and the optical density is 
read in a Coleman Junior or other simple spectrophotometer. A standard pre- 
pared in the patient’s blank plasma is put through the same process. Ninety- 
seven + 2 per cent of the dye is extracted in 20 minutes at room temperature, 
the optical density of the plasma blanks is zero, and hemolysis, bilirubinemia, 
and opalescence do not interfere. Measurements made by this method show 
satisfactory agreement with those made by the direct method. The method 
seems applicable to all patients. Since results can be obtained 60 to 70 minutes 
after dye injection, it should prove particularly useful for the management of 
patients suffering from hemorrhage. 


19. CORRECTION OF DEFECTS IN CLOTTING ACCELERATOR 
FACTORS BY ADMINISTRATION OF A NEW SULFHYDRYL- 
SUBSTITUTED METHYLNAPHTHOQUINONE, 
VITAMIN K-S(II) 


Joun R. Carter, M.D. (By Inviration), aNnp E. D. Warner, M.D., 
Towa Crry, Iowa 


Two patients, critically ill with severe hemorrhagic disorders caused by a 
deficiency of accelerator factor(s) of blood coagulation, will be presented. One 
has been studied intensively for over six years. The deficiencies were corrected 
and the bleeding was controlled promptly and completely by the oral and/or 
intravenous administration of S-(2-methyl-1, 4-naphthoquinony]-3)-8-mereapto- 
propionic acid, designated vitamin K-S(II). Banked and fresh blood in both 
patients and massive doses of vitamin K and K, in one patient were ineffective. 

The design and preparation of vitamin K-S(II) was based upon experi- 
mental studies which showed that the accelerator activity in blood coagulation 
is influenced strikingly by the concomitant administration of pL-methionine 
and vitamin K. Because of the synergistic effect of methionine and vitamin 
K, vitamin K-S(II) was designed to incorporate both sulfur and propionic acid, 
a carbon chain product of methionine degradation, into the vitamin K molecule 
in the 3-position. Experimental and clinical studies in normal dogs and rats, 
cholecystnephrostomized dogs on normal, protein, or methionine-free diets, 
partially hepatectomized rats, and in patients have shown the vitamin K-S(II) 
to be fully as effective as the methionine plus vitamin K. 


20. SHORTENED SURVIVAL OF INCOMPATIBLE RED CELLS IN 
PATIENTS WITH ‘‘AGAMMAGLOBULINEMIA”’: A SENSITIVE 
TEST FOR THE PRESENCE OF TRACES OF ISOANTIBODY 


Hueu Cuap.in, Jr., M.D., Sr. Louis, Mo. 


Patients with agammaglobulinemia have been characterized as ‘‘universal 
recipients’? because of the absence of anti-A and anti-B isoagglutinins from 
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their sera. The present report describes the survival of ABO-incompatible red 
cells in the circulations of 4 adult patients whose sera showed an absence of 
gamma globulin on paper electrophoresis. 


Although routine tests for anti-A and anti-B isoagglutinins were negative, 
more sensitive tests revealed very weak isoagglutinins in 3 of the 4 patients. 
Ten milliliters of Cr®'-tagged incompatible red cells were injected intravenously 
over a 2-minute interval. No untoward symptoms or signs were observed. 
Red cell survivals were shortened in all 4 patients, with Cr™ half-times from 
less than 10 minutes to as long as 9 days (Normal: 30 + 3 days). 


Although the in vitro tests for antibody activity revealed no qualitative 
differences among the sera from the 3 patients with detectable isoagglutinins, 
surface scintillation counting over the hepatic and splenic areas suggested two 
different mechanisms for red cell removal. One mechanism (in two patients) 
entailed nearly equal participation by both liver and spleen; the other (in one 
patient) was almost exclusively a function of the spleen. 


The sensitivity of the above-described in vivo studies for the detection of 
minute amounts of cireulating antibody was illustrated by a second study per- 
formed on one of the patients. Ten milliliters of Cr°?-tagged incompatible blood 
was injected and the rapid disappearance of the red cells (less than 10 per cent 
survival after 10 minutes) confirmed as described previously. One hour later, 
a pint of Cr®'-tagged blood from the same donor was transfused; 90 per cent 
of the incompatible cells were present in the recipient’s circulation at the 
conclusion of the transfusion. There was no measurable destruction of the 
surviving red cells during the sueceeding 24 hours, and their survival was 
followed during the subsequent 6 weeks by both the Ashby and the Cr™ 
methods, along with surface scintillation counting over the liver and spleen. 
The results provide an interesting comparison of the destruction of red cells 
under conditions of antibody excess compared to antibody insufficiency. 


21. PEREGRINATING PROBLEM PATIENTS: 
““MUNCHAUSEN’S SYNDROME”’ 


Joun S. CHapMAn, M.D., Iowa Crry, Iowa 
(INTRODUCED By Ropert C. Harprn, M.D.) 


Not before reported in this country is an instance of ‘‘Munchausen’s 
syndrome,’’ so named by Richard Asher of England. The term was suggested 
by similarities between the bizarre symptoms and behavior exhibited by certain 
patients and the tales of wild adventure and personal achievement told by the 
fabulous Baron Munchausen. Patients with Munchausen’s syndrome travel 
widely among hospitals feigning symptoms and producing factitious lesions 
which require emergency care or extensive diagnostic investigations. One such 
patient was admitted to the University of Iowa Hospitals, Iowa City, Iowa, 
August 18, 1954, because of hemoptysis and thrombophlebitis. 


In the following days there unfolded a series of remarkable events starting 
with plausible symptoms and progressing through inappropriate behavior to 
uncontrollable violence and fantastic self-inflected wounds. Disposition was 
finally made to a state mental hospital from which he subsequently fled. 


By correspondence, it was learned that this was a repetitive pattern which 
the patient had been following for several years, and which continued after 
leaving Iowa. In the months following he was admitted to at least thirteen 
hospitals from California to New York with similar occurrences in all. The 
admitting diagnosis has always been thrombophlebitis and pulmonary embolus, 
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while his discharge diagnoses have included a variety of psychiatric and other 
disorders. His method of producing hemoptysis has not been determined 
despite extensive examinations. In the past he has had many surgical proce- 
dures including inferior vena cava ligation, which partly accounts for the 
continuing signs of thrombophlebitis. He always concocts a farfetched story 
to explain the abdominal scar, and refuses to cooperate in treatment. 

This patient is representative of one of the subgroups of the syndrome 
which has been called the bleeding type or ‘‘hemorrhagica histrionica.’’ He 
also has features of the abdominal type or ‘‘laparotomophilia migrans.”’ 

These patients are so nearly alike in their behavior that it seems useful to 
classify them as a group, using the descriptive term ‘‘Munchausen syndrome”’ 
so long as the exact psychiatric diagnosis remains unknown. It is thought that 
many such patients exist, although hitherto not recognized in this country. 


22. PULMONARY CAPILLARY FLOW-PRESSURE RELATIONSHIPS 
Bernarp L. Cuarms, M.D., anp Bernarp L. BrorMaNn, M.D., CLEVELAND, OHIO 
(IntrRopucED By ErRwIn Levin, M.D.) 


Studies have been done employing a triple lumen cardiae catheter with an 
inflatable cuff allowing pressure measurements and blood aspiration proximal 
and distal to the point of occlusion. ‘‘Wedge’’ pressures and samples were also 
obtained by standard techniques. Since wedged and distal pressures were iden- 
tical both in level and configuration, the latter were used when standard ‘‘P. 
cap.’’ was unobtainable due to pulmonary hypertension. 

Pressures distal to occlusion were normal in patients with no disease or 
those with localized pulmonary disease and elevated with mitral valve or left 
ventricular involvement. Diffuse pulmonary disease produced marked variations 
in measured distal or ‘‘P. cap.’’ pressures coincident with the respiratory eyele 
reaching high levels in the expiratory phase. Aspiration of wedged or distal 
blood samples was easily accomplished in normal patients or those with heart 
disease but difficult or impossible in many with chronic pulmonary disease. 
When obtainable, this blood was more highly oxygenated than arterial blood 
having been exposed longer to alveolar air and, therefore, more closely equi- 
librated. Increase in pulmonary artery pressure can be readily observed with 
exercise, however, simultaneous measurement of distal pressure showed a pro- 
portional inerease without any presumed rise in left atrial pressure. 

It is concluded that when blood flow is arrested in portions of the pulmonary 
vascular bed, the static ‘‘lacunar’’ pressure beyond the occlusion is closely 
related to left atrial pressure particularly when elevated. Under cireumstances 
of increased intrapulmonie pressure, ‘‘lacunar’’ pressures reflect this change 
rather than left atrial. It is quite possible that increased intrapulmonie pres- 
sure may collapse pulmonary eapillaries if it exceeds left atrial pressure causing 
what might be termed a ‘‘retrograde block.’’ 

Evidence is presented that ordinary ‘‘wedge’’ pressures, particularly in 
patients with primary pulmonary disease, are not reliable indicators of true 
pulmonary capillary pressure and may lead to completely invalid conclusions 
regarding left atrial hemodynamics. These studies support the contention that 
regulation of pulmonary blood flow is extravascular unlike the intrinsic arterio- 
lar control of the periphery. 
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23. CLINICAL OBSERVATIONS ON THE USE OF NOVOBIOCIN IN 
PENICILLIN RESISTANT STAPHYLOCOCCAL SEPTICEMIA 


J. M. Cotvitir, M.D., H. H. Gaur, M.D., F. Cox, Jr., M.D., anp 
E. L. Quinn, M.D., Derrorr, Micu. 


(InrRopucED By R. W. Smirn, M.D.) 


The seriousness of staphylococeal septicemia is indicated by a continuing 
mortality rate of 50 to 80 per cent despite modern antimicrobial therapy. Thus, 
new antimicrobial agents demonstrating antistaphylococeal activity are worthy 
of careful consideration and study. 

Novobiocin, an antibiotic agent derived from Streptomyces niveus and 
demonstrating both in vitro and in vivo antistaphylococeal activity, beeame 
available for investigational study approximately two years ago. Subsequent 
investigations in our own and other laboratories indicated that this agent might 
prove useful in the treatment of staphylococeal sepsis due to penicillin-resistant 
organisms. 

During the past 20 months, 7 patients with staphylococeal sepsis have been 
treated with novobiocin. The following significant features were common to all 
eases and preceded the onset of staphylococcal sepsis in all cases: an under- 
lying primary disease process, hospitalization, surgical intervention, and previous 
exposure to various antimicrobial agents. In each instance the isolated strains 
of staphylococci were pigmented, hemolytic, and coagulase positive. 

Five of the 7 patients responded satisfactorily to treatment with novobiocin. 
Of the remaining 2 eases, 1 developed severe thrombocytopenia purpura, a 
previously unreported toxic reaction, on the ninth day of therapy after receiving 
18 Gm. of novobiocin. In the other patient, emergence of a novobiocin resistant 
strain of staphylococeus occurred after 7 days of therapy. 


24. REVERSAL OF THE LESIONS OF THE GENERALIZED 
SHWARTZMAN PHENOMENON BY TREATMENT OF 
RABBITS WITH STREPTOKINASE 


Ricuarp M. Connie (By Inviration), C. Y. Hone, M.D. (By Ixviration), 
AND Ropert A. Goop, M.D., MINNEAPOLIS, MINN. 


The generalized Shwartzman reaction is associated with deposition of homo- 
geneous, eosinophilic material with staining characteristics of fibrinoid. De- 
posits oceur within the glomerular capillaries, splenic sinusoids, hepatic veins, 
and pulmonary arteries, as well as within cardiac valves and beneath endo- 
thelium of coronary arteries. In the developing renal lesion, this fibrinoid 
material becomes visible at the inner surface of the glomerular capillaries 
between 2 and 4 hours following the second intravenous injection of endotoxin 
and is primary to the bilateral renal cortical necrosis which develops later. 
Prevention of the Shwartzman reaction with heparin and other anticoagulants 
effectively inhibits development of these fibrinoid lesions, but only when 
administered at the time of, or prior to, the provoking injection of endotoxin. 
Heparin administered following the second injection of endotoxin appeared 
to enhance the lesions. 


In an effort to correct deposition of fibrinoid material and prevent conse- 
quent hemorrhagic necrosis, streptokinase, and streptodornase mixtures were 
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given intravenously to rabbits at a time when it was known that fibrinoid depos- 
its had already been formed. This treatment appeared to reverse the fibrinoid 
deposition and prevented development of renal necrosis. It was found that this 
effect is due to streptokinase and will prevent completely the generalized 
Shwartzman reaction when streptokinase is administered up to 4 hours follow- 
ing the second intravenous injection of endotoxin. Quantities of streptokinase 
effective in preventing the Shwartzman lesions were found to have no effect 
on the febrile response development of leukopenia and leukocytosis, inhibition, 
leukocytie migration, decrease in platelet count, production of heparin pre- 
cipitable protein, or increase in fibrinogen levels which normally accompany 
injection of endotoxins. Administration of streptokinase resulted in immediate 
activation of fibrinolytic capacity of the blood which persisted for periods of 
more than 3 hours. 


_ Similar results were obtained with the local Shwartzman reaction and the 
visceral vascular reaction produced by a single intravenous injection of endo- 
toxin together with polyethanol sulfonate. 


We conclude from these studies that, deposits of fibrinoid material which 
occur in the course of the generalized Shwartzman reaction are reversible by 
treatment with streptokinase and that such treatment prevents the progress 
of the lesions to hemorrhagic necrosis. 


25. CHYLOMICRON-LIPOPROTEIN DISTRIBUTION AND THE 
DYNAMICS OF LIPID TRANSPORT 


Davin G. CorNwELL, Pu.D. (By Invitation), Frep A. Krucer, M.D. 
(By Inviration), Grorce J. Hamwi, M.D., anv J. B. Brown, Px.D. 
(By Invrration), CoLumMBus, OHIO 


Although lipids are absorbed from the intestine and transported in serum 
by a well-defined chylomicron-lipoprotein system, the origin of specific com- 
ponents in this system and their metabolic interrelationships are not understood. 
Metabolic transformations between different lipoproteins have not been investi- 
gated by the usual tracer techniques, since labeled lipids (cholesterol and 
phospholipid) in one lipoprotein component of the system were shown to ex- 
change, in vitro, with lipids in the other lipoprotein components. In the 
present investigation, triolein tagged with I** was found suitable to study 
chylomicron and lipoprotein transformations since the labeled triolein did not 
exchange, in vitro, between different lipoprotein classes. 


The chylomicra and lipoproteins in human serum were partitioned by 
ultracentrifugal flotation in a density gradient (Oncley and associates). 
Quantitative lipoprotein distributions were then estimated from cholesterol and 
phospholipid analyses of each lipoprotein fraction. Three characteristic lipo- 
protein distribution patterns were observed: (1) Normal; (2) Hyperlipemia 
in S- 10-400 lipoproteins; and (3) Hyperlipemia in S; 3-9 lipoproteins. In 
patients with a clinical diagnosis of idiopathic hyperlipemia, xanthoma tubero- 
sum, the nephrotic syndrome, and the Kimmelstiel-Wilson syndrome, an 
elevation in S; 10-400 lipoproteins occurred. An elevation in S¢ 3-9 lipoproteins 
was found in some patients with a clinical diagnosis of diabetes mellitus, 
atherosclerosis, and in all patients with myxedema. 

In normal individuals, iodinated triolein was absorbed and transported 
primarily by the chylomicra. The iodinated triglyceride reached its maximum 
concentration in serum about 4 hours after administration and was cleared 
from the serum in 24 hours. Labeled triglyceride was not found in either 
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S; 3-9 or high density lipoproteins. Individuals with an S; 3-9 hyperlipemia 
absorbed and transported triolein in the same manner as normal individuals. 
Individuals with an S; 10-400 hyperlipemia had a distinctly altered pattern. 
Labeled triolein was carried primarily in the S; 10-400 lipoprotein fraction. 
Furthermore, the triolein was cleared from the serum at a slower rate. 

These results may be interpreted in at least two ways: (1) S, 10-400 
lipoproteins are derived from chylomicra. SS; 10-400 hyperlipemia results 
from a decrease in the rate of clearing for this lipoprotein class, and (2) 
chylomicra and S; 10-400 lipoproteins are synthesized independently. Sy 
10-400 hyperlipemia results from both inereased synthesis and decreased 
clearing in this lipoprotein elass. 


26. CONTROLLED STUDY OF A POLYVALENT ADENOVIRUS 
INFLUENZA VACCINE 


Cox, Jr., M.D., E. A. Trou, Pa.D., E. L. Quinn, M.D., J. M. Cotviie, M.D., 
AND I. McLean, M.D., Detrrorr, Micu. 


(INTRODUCED BY JOHN E. Resuck, M.D.) 


A controlled study concerning antibody response and tissue tolerance to 
polyvalent adenovirus influenza vaccine was undertaken in November, 1956. 


Three groups of approximately 37 individuals each were studied. Group 
I received fluid vaccine containing adenovirus types 3, 4, and 7, Influenza 
type A (PR8, PR301, and Swine), and Influenza B (Great Lakes and Lee). 
Group II received a vaccine eontaining the same antigens which had been 
absorbed onto aluminum phosphate. Group III was given a placebo consisting 
of balaneed salt solution. A single booster was administered 16 weeks after 
primary vaccination. Control prevaccination sera were drawn from all sub- 
jects at the onset of the program and thereafter at 2, 16 (prebooster), and 
18 weeks. Additional sera were obtained from one-third of the subjects in 
each group at 6, 10, and 14 weeks. All sera were tested in tissue culture for 
neutralizing antibodies against type 3, 4, and 7 adenovirus. Influenza hem- 
agglutination inhibition tests were performed on both control and postvac- 
cination sera. 

The results showed that adenovirus antigen combined in an adenovirus 
influenza vaecine elicted a satisfactory antibody response. The magnitude 
of the change in antibody titer was similar to that observed by Bell and co- 
workers when adenovirus antigen alone was employed. Aluminum phosphate 


absorbed vaccine produced superior antibody response when compared to the 
fluid vaccine. 


Following a booster dose of polyvalent vaccine, increase in adenovirus 
antibody titer was noted only if the prebooster titer was fairly low or if 
the subject showed no antibody at the time of the booster. These results also 
indicated that the antibody titer resulting from vaccination was quite stable 
over an 18-week period. 


Influenza hemagglutination inhibition antibody tests yielded an average 
arithmetical mean fold inerease titer for all the contained strains of influenza 
virus of 0.3 in the control group and 4.5 and 3.9 in the two groups receiving 
the vaccine. 


No significant differences in the tissue tolerance were noted with the two 
types of vaccine. 
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27. A COMPARISON OF THE EFFECTS OF TOLBUTAMIDE AND 
INSULIN ON PERIPHERAL GLUCOSE UPTAKE IN MAN 


JAMEs W. Craic, M.D. (By INviTation), VALERIE J. MouzaHn (By Invitation), 
R. Drucker, M.D. (By INvrration), Max Miner, M.D., anp 
Hiram Woopwarp, Jr. (By Invitation), CLEVELAND, OHIO 


The mechanism of the hypoglycemic action of the sulfonylureas has not 
been explained satisfactorily. Several workers have compared the metabolic 
effects of insulin and the sulfonylureas. The results of these investigations 
have been conflicting, particularly in regard to the effect of the sulfonylureas 
on peripheral glucose uptake. 

In the present study the direct effects of tolbutamide and insulin on glucose 
uptake in the forearm were compared by injecting the drugs into the brachial 
artery. Two tests were performed on each of 6 male patients; on one occasion 
tolbutamide was injected and at another time insulin was used in order to 
compare the two compounds in the same individual. Blood samples were 
obtained simultaneously through indwelling needles in the brachial artery and 
a major antecubital vein. Two-tenths or 0.4 Gm. of sodium tolbutamide 
(Orinase) or 0.01 unit per Kg. of gluecagon-free insulin were injected into 
the brachial artery and blood samples were drawn at 5 or 10 minute intervals 
for the next hour. Insulin increased the A-V glucose difference in 5 of the 
6 subjects; the mean difference + s.d. was 0.3 + 2.0 mg. per 100 ml. before injec- 
tion and 6.4 + 3.9 mg. per 100 ml. during the first 30 minutes after injection. 
Tolbutamide produced no definite increase in A-V glucose difference in any of 
the 6 subjects during the first 30 minutes after injection; the mean control value 
was 3.2 + 2.3 mg. per 100 ml. and the mean value after tolbutamide was 1.3 + 
2.2 mg. per 100 ml. No direct stimulatory effect of tolbutamide on peripheral 
glucose uptake was demonstrated in contrast to the results with insulin. 


In 2 out of 3 eases in which peripheral A-V glucose differences and pe- 
ripheral arterial-hepatic venous glucose differences were determined simultane- 
ously after injection of 2 Gm. of tolbutamide into a peripheral vein, the fall in 
arterial blood glucose was accompanied by a decreased splanchnic glucose output 
without an increase in peripheral A-V difference. The significance of these 
results in relation to current theories of the mechanism of action of tolbutamide 
will be discussed. 


28. CHLOROTHIAZIDE: A PHYSIOLOGIC CONNECTING LINK 


ARCHER P. Cros.ey, Jr., M.D., AND Ropert E. Cutten, M.D. (By Ixviration), 
Mapison, WIs. 


The purpose of this paper is to demonstrate in acute and chronic studies 
in 16 patients with renal and/or cardiac disease the manner in which chloro- 
thiazide, a nonmercurial diuretic, serves as a physiologic connecting link between 
the activity of carbonic anhydrase inhibitors and the mercurial diuretics. Thus, 
this agent which inhibits carbonic-anhydrase (C-A) in vitro is similar to aceta- 
zolamide, p-sulfamylbenzoie acid, and dichlorphenamide in its ability to pro- 
duce significant reductions in glomerular filtration rate (p = <0.01) and renal 
blood flow (p = <0.001) while simultaneously causing a significant increase in 
urinary pH (p = <0.01) due to the increased excretion of sodium (p = 
<0.001) and potassium (p = <0.01). However, in contrast to C-A inhibitors, 
this compound, like the mercurial diuretics is capable of producing a significant 
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chloruresis (p = <0.01) and diuresis (p = <0.001). In a similar fashion, on 
chronic administration, a hypokalemic hypochloremie alkalosis may be observed 


rather than the hyperchloremie acidosis which may oceur following the use of 
acetazolamide. 


Therefore, these results (1) establish a physiologic connecting link between 
the C-A inhibitors and the mercurial diureties, (2) demonstrate the effectiveness 
of chlorothiazide as a valuable adjunct in the treatment of edematous states, 
and (3) have physiologic significance when related to the renal mechanism in- 
volved in the exeretion of water and electrolytes. 


29. THE HEMODYNAMIC RESPONSE TO EXERCISE IN PULMONIC 
STENOSIS 


Epwarp W. Dennis, M.D., anp James K. ALEXANDER, M.D. (By Invitation), 
Houston, TEXAS 


The hemodynamic response to exercise has been investigated in 5 women 
having isolated pulmonie stenosis without clinical evidence of congestive heart 
failure. Data were obtained during right heart catheterization utilizing a 
double lumen catheter to obtain simultaneous pressures from the right ventricle 
and pulmonary artery. The following parameters were examined at rest and 
during mild leg exercise: (1) eardiae output and stroke volume; (2) mean 
systolic pressure gradient across the stenotie ventricular infundibulum or pul- 


monary valve; (3) right ventricular end diastolic pressure; (4) pulmonary 
artery mean pressure. 


There was a range of 20 to 150 mm. of mereury mean systolic pressure 
gradient between the right ventricle and pulmonary artery at rest with a 
tendeney to rise as much as 15 mm. of mereury during exercise. In the two 
patients with the highest mean systolic pressure gradient, the resting cardiac 
output was reduced. However there was an increase in pulmonary blood flow 
during exercise in all patients ranging from a borderline normal value of 
574 ml./100 ml. inerease in oxygen consumption to a maximum of 1,710 ml. 
Mean pulmonary artery pressure rose in all cases during exercise as much as 
10 mm. of mereury. Right ventricular end diastolic pressure rose to significantly 
‘elevated levels in all eases. 

These data suggest that the observed normal inerease in right ventricular 
output and the inerease in mean systolic pressure gradient are achieved at the 


expense of significant elevation of right ventricular filling pressure in these 
patients. 


30. TREATMENT OF HYPERTENSIVE DISEASE IN PREGNANCY 


J. DieckMann, M.D., AND Jonn P. Harrop, M.D. (By Invitation), 
CxHicaGo, ILL. 


During the past 6 years approximately 1,200 patients have been treated for 
‘so-called ‘‘toxemia of pregnaney.’’ Forty-five per cent of the patients had pre- 
eclampsia and 0.5 per cent had eclampsia but only two patients with these 
diagnoses received a hypotensive drug. In general, we believe the hypertension, 
if present, is compensatory and it is not treated unless the systolic blood pres- 
sure is 200 or higher with proportionate diastolic pressures. 

Fifty-two per cent of the patients had hypertensive disease, the majority 
-of some years’ duration. Approximately 55 patients were hospitalized and 
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placed in an air-conditioned room with no other treatment than either the 
regular hospital diet or a low-sodium and low-potassium diet. A high percent- 
age of the patients on the above regimen either became normotensive or the 
blood pressure dropped to such a degree that hypotensive drugs were no longer 
indicated ; this emphasizes the importance of a control period. 

Twenty patients who were seen sufficiently early in pregnancy and whose 
blood pressure persisted for 48 hours or longer despite the above regimen, were 
thoroughly studied and in each instance the offer was made of therapeutic 
abortion. These patients were all anxious to have the child if it could be done 
with reasonable safety. The patients were followed by one man as ambulatory 
patients and were hospitalized for 5 to 10 days every 4 to 6 weeks. 


Seventy per cent of these patients left the hospital with a live baby, ap- 
proximately the same per cent which Dieckmann has reported previously with- 
out the use of hypotensive drugs. To date, hypotensive drugs in the treatment 
of hypertensive disease in pregnancy have not decreased proteinuria and have 
not increased fetal survival. 


31. EFFECT OF ORAL DIURETICS ON BLOOD SUGAR 


Harotp L. Dosson, M.D. (By Inviration), Harry 8S. Lipscoms, M.D. (By 
INVITATION), AND JAMES A. GREENE, M.D., Houston, Texas 


Utilizing both the Somogyi-Nelson and glucose oxidase methods, the effects 
of acetazolamide (Diamox) and chlormaredrin (Neohydrin) on blood sugar 
have been investigated. Acetazolamide was found to act as a mild to moderate 
hypoglycemic agent in over one-half of the subjects tested. In some diabetics 
it appeared to be more effective than ecarbutamide. Certain patients develop 
untoward reactions when placed on this drug. In some, but not all, of these 
patients the symptoms are due to hypoglycemia. It is thought that this drug 
should be used with great caution in patients in whom mild hypoglycemia is 
known to be harmful. 


Chlormaredrin reacts with the Somogyi-Nelson color reagent to give 
erroneously high blood sugar values. The error may be in magnitude of 400 
to 500 mg. per cent. The effect may be found in vivo and in vitro. It is 
maximal within two hours after ingestion of the drug. This may lead to very 
confusing results when blood sugar studies are being performed on cardiac 
patients receiving chlormaredrin. 


32. CARBOHYDRATE METABOLISM IN PATIENTS UNDERGOING 
SURGERY WITHOUT ANESTHESIA 


WiturAm R. Drucker, M.D. (By INvrration), CHARLES A. Husay, M.D. (By 
Invitation), D. Houpen, M.D. (By Invitation), Max Miuuer, M.D., 
James Craic, M.D. (By Invitation), Nancy Hormann, A.B. (By Invitation), 
Hiram Woopwarp, A.B. (By InviraTIon), AND Davip Wetr, M.D., 
CLEVELAND, OHIO 


Surgery with anesthesia, or ether anesthesia alone, will cause abnormali- 
ties in carbohydrate metabolism. Glucose, pyruvate, and lactate tolerance be- 
comes altered, whereas fructose tolerance remains essentially unchanged follow- 
ing these stresses. It is possible that some of the reported metabolic changes 
found following surgery could be due to the anesthesia rather than the result 
of operative trauma. 
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The present study was designed to determine the effect of surgery without 
associated anesthesia on carbohydrate metabolism. Intravenous glucose, fructose, 
and lactate tolerance tests were performed on paraplegic patients operated for 
repair of decubitus ulcers. The surgical procedures could be earried out in 
these individuals, who had spinal cord injuries, without the use of anesthesia. 
Six patients received glucose and fructose tolerance tests on succeeding days 
before and after surgery. Six additional patients received lactate tolerance tests 
before, during, and following surgery. The levels of glucose, fructose, pyruvic 
acid, and lactic acid were determined periodically in venous blood. 


The data obtained from these patients operated upon without anesthesia 
indicate that: (1) a marked abnormality occurs in postoperative glucose toler- 
ance which persists for at least two days; (2) there is no abnormality in the post- 
operative tolerance for fructose; and (3) a decreased tolerance occurs for lactate 
during surgery and on the first postoperative day. Similar results were found 
with patients operated upon with anesthesia. In contrast, the abnormality in 


glueose tolerance which occurs during anesthesia without surgery disappears 
within twenty-four hours. 


These results have been interpreted as indicating that surgical trauma 
causes alterations of intermediary metabolism which do not depend on associated 
anesthesia. Since the alterations of carbohydrate metabolism occur when sur- 
gery is carried out below the level of sensation in paraplegic patients, factors in 
addition to central nervous system stimulation are implicated in the etiology 
of these changes. It is postulated that the effect of surgical trauma without 
anesthesia is to alter specific enzymatic processes since the metabolism of glucose 
and lactate, but not fructose, are altered postoperatively. 


33. COMPARATIVE DIAGNOSTIC VALUE OF URINARY COMPOSITION 
AND TRANSLUMBAR AORTOGRAPHY IN RENAL HYPERTENSION 


Harriet P. Dustan, M.D., Evcenre F. Poutassr, M.D. (By INvrratTion), AND 
A. C. Corcoran, M.D., CLEVELAND, OHIO 


Occlusive renal artery disease, an important cause of hypertension, is best 
demonstrated currently by aortography which, with our technique, is a safe 
procedure. A recent report suggests that aortography is unnecessary in diag- 
nosing a unilateral arterial lesion since the affected kidney is believed always 
to excrete a urine of smaller volume and lower sodium concentration. Analyses 
of ureteral urine are of no help in diagnosing bilateral lesions. 


This report concerns a study of separated renal functions in hypertensive 
patients, some having renal arterial lesions. Urine was collected from each 
ureter during mannitol loading and Pitressin antidiuresis. Functions studied 
were glomerular filtration rate (GFR), urine flow (V), urine sodium concentra- 
tion (Uy,), and the excretion fraction of the filtered sodium load (EF ya). 


The functions were bilaterally equal in 10 patients with essential hyper- 
tension. In 4 patients with (predominantly) unilateral pyelonephritis, GFR 
and V were less on the more affected side while Uy, and EF ya were identical. 
In 4 with unilateral arterial lesions, GFR and V were depressed on the affected 
side; in 3 there were associated decreases of Uyxg and EF ya, but in the fourth 
these values were bilaterally equal. In two patients with bilateral arterial 
lesions, differences in GFR occurred between the two sides with corresponding 
V changes; Uy, and EF'y, were higher on the sides of lower GFR. In two with 
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unilateral arterial and contralateral parenchymal disease, GFR was lower on 
the sides with parenchymal disease; differences in Uy, were insignificant but 
EF x, were less on the sides of the arterial lesions. 

The data show a general association between GFR and V in renal disease. 
However, a relative decrease of Ux, is not a consistent characteristic of occlusive 
arterial lesions. The data emphasize the need for radiologic visualization of 
the main renal arteries in the diagnosis of unilateral and bilateral occlusive 
lesions and of combinations of arterial and parenchymal disease since these 
may unpredictably affect urine volume and composition. 


34. VOLUME CHANGES IN THE FOREARM VEINS OF MAN DURING 
VOLUNTARY HYPERVENTILATION 


JoHN W. Ecxstetn, M.D., M. McCammonpn, B.A., AND 
K. Hamiuron, M.D., Iowa Crry, Iowa 


(INTRODUCED BY JAMES W. CULBERTSON, M.D.) 


Hyperventilation caused an increase in cardiac output and forearm blood 
flow, a fall in arterial pressure and circulation time, and no change in central 
venous pressure (Burnum, Hickam, McIntosh). Venous dilatation during this 
reported arteriolar dilatation would be inconsistent with the increased output 
and unchanged central pressure. Our study demonstrates and quantitates the 
forearm venous responses to hyperventilation. 

Observations on end-expiratory pCO, (pCO.), minute-volume ventilation, 
forearm venous distensibility (VD), and dependent forearm venous pressure 
(VP) were made before, during, and after voluntary hyperventilation in 16 
experiments on 12 normal supine men. The venous pressure-volume curve 
obtained during the plethysmographie measurement of VD expresses the fore- 
arm venous volume existing at any effective venous pressure (EVP) between 
0 and 30 mm. Hg. The naturally occurring venous volume (VV) is the volume 
coordinate of the point on the curve corresponding to the measured VP (= 

’ EVP) in the forearm unencumbered by the plethysmograph. VD is designated 
arbitrarily as the venous volume at an EVP of 30. 

During hyperventilation, pCO. averaged 22.4 mm. Hg and minute-volume 
ventilation averaged 31.7 L./min. VD averaged 4.1 ¢.c./100 ¢.c. of forearm 
tissue (range, 3.1 to 5.7) during control periods and fell to 3.3 (range, 1.9 to 
4.9) during hyperventilation. VP decreased in 12 and inereased in 4 experi- 
ments; the average change was a fall of 1.2 mm. Hg. VV fell from an average 
control value of 2.9 ¢.c./100 ¢.c. of forearm tissue (range, 1.5 to 3.5) to 1.9 
(range, 0.4 to 2.8)—a venous volume reduction of 35 per cent. Reeovery from 
this uniformly observed venoconstriction was incomplete until pCO, returned 
to control levels. The VV decrease observed with room air hyperventilation was 
prevented partially in 4 of 5 cases by inereasing inspired pCO. (preventing 
hypoeapnia). 

These experiments demonstrate that forearm venous dilatation does not 
accompany the reported forearm arteriolar dilatation observed during hyper- 
ventilation; on the contrary, the forearm veins constrict significantly during 
this stimulus. This degree of peripheral venoconstriction appears adequate to 

provide the increased venous return required for the reported increase in 
eardiae output and is consistent with the unchanged central venous pressure. 
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35. A DISCREPANCY BETWEEN TYPE OF GONAD AND THE 
CHROMATIN PATTERN: “OVARTES” WITIL CHROMATIN- 
NEGATIVE (MALE) SOMATIC CELLS 


W. W. Encsrrom, M.D., F. J. Sropparp, M.D. (By INviration), AND 
E. G. Bertram, Px.D. (By Ixviratrion), MitwAuKEE, WIs. 


Several different observers have reported the finding of a female chromatin 
pattern in most eases of apparent males with seminiferous tubule dysgenesis 
(so-ealled Klinefelter’s syndrome). In some of these even gametogenesis of the 
male type has been observed. This finding appears to represent the first demon- 
strated example of a complete sex reversal in humans because gonadal sex 
(when it ean be identified) corresponds to the sex chromatin pattern. The 
reverse situation, ie., the finding of ovaries containing follicles and germinal 
cells in an apparent female with a male type of chromatin pattern has not yet 
been reported. This communication reports such a ease; the patient differed 
from most eases of ‘‘gonadal agenesis’’ (Wilkins) in that the patient was not 
short, had no recognizable congenital anomalies, and the urinary FSIL was not 
elevated. 

The 24-year-old slender, farmer’s wife had primary amenorrhea, 
measured 5 feet, 514 inches, had sparse sexual hair, virtually absent breast de- 
velopment, and hypoplastie vaginal mucosa, low 17-ketosteroid exeretion (2 to 
4 mg./24 hr.), absent urinary FSH (less than 6 M.U./24 hr.), hypoplasia of 
feminine external genitalia and uterus, well-developed broad ligaments and 
Fallopian tubes, “‘ovaries’’ (albeit poor quality) containing primordial follicles, 
a few germinal cells, atretie follicles and an inerease in fibrocollagenous tissue. 
Cells of skin and bueeal mucosa were chromatin-negative (male). 


The diserepaney between the type of gonad and chromatin pattern, as 
exemplified by this ease and by eases of so-ealled Klinefelter’s syndrome, 
presents a serious challenge to current theories of sex differentiation and the 
histologie method of ‘‘sexing.’’ We tentatively suggest that if a genetieally 
determined chemical inductor or ‘‘evoeator’’ influences the primitive genital 
ridge to develop into either testis or ovary and if the nature of the gonad ean 
be opposite to that of the cellular chromatin pattern, then the chromatin pattern 
(at least under these ecireumstanees of abnormal sexual development) does not 
accurately reflect the qualitative preponderance of male or female ‘‘evoeator.”’ 
Chromatin-negativity in our ease may not represent ‘‘maleness’’ but merely 
lack of it and female preponderanee. 


36. LATENT ADENOVIRUS INFECTIONS OF THE HUMAN 
RESPIRATORY TREE 


AurreD S. Evans, M.D., Mapisox, Wis. 
(Wirth tHe Trecnnican Assistance or B. Evans anp G. Gocar) 


The presence, frequeney, and mechanism of latent virus infections of 
different parts of the human respiratory tree have been studied in order to 
understand better the possible role such agents might play in recurrent respira- 
tory illnesses. To this end human tonsil, lung, and lymph node tissue removed 
at surgery have been eultured for prolonged periods of time up to 9 months in 
a roller drum, observed for eytopathogenie changes, and the supernatant fluid 
tested for virus at frequent intervals in HeLa and other cells. Tissue from 
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30 tonsils, 9 lungs, and 4 lymph nodes have been successfully cultivated. Adeno- 
virus has been recovered from 15 tonsils and 1 lung after periods of tissue 
growth averaging 30 days and ranging from 8 to 70 days. No other virus has 
been clearly identified. Isolations were most frequent in the 6 to 10 age groups. 
Adenovirus types recovered included four type 1, eleven type 2, and one type 5. 
The serum from all but two of the individuals from whose tissue virus was 
recovered contained demonstrable neutralizing and complement-fixing anti- 
bodies to the type isolated. In the 2 exceptions there had been a long delay in 
the emergence of virus from tonsil tissue suggesting a weak antigenic stimulus. 
In the serum from individuals from whom no virus was isolated antibody was 
present in some, absent in others. 

Factors bearing on the demonstration of virus and its relation to latency 
and ‘‘masking’’ were studied in detail. Adenovirus could not be recovered 
directly from the original material itself even after mincing or homogenization. 
It eould not be demonstrated by implanting pieces of the original tissue directly 
on to HeLa eells. Virus was found under most cireumstances only by growing 
the tissue itself for about a month and continued to be present for periods up 
to 70 days. Further data have been obtained indicating that the term ‘‘masking’’ 
is probably not appropriate to this phenomenon, whieh is largely explicable on 
a quantitative basis. 


37. THE CLEARANCE OF HETEROLOGOUS PROTEIN FROM THE 
CIRCULATION OF NORMAL AND IMMUNIZED MAN 


Antruony P. FLetcHer, M.D. (By INviration), NorMA ALKJAERSIG, M.S. (By 
INVITATION ). AND Sou Suerry, M.D., St. Louts, Mo. 


The clearance rates of intravenously administered antigenic protein have 
been extensively studied in normal and immunized animals, but hitherto no 
such studies have been made in man. Previously only large doses of antigen 
(mg./Kg. body weight) have been used and relatively little attention has been 
given to the early phases of protein removal when antigen-antibody union in 
the circulation might be expected to influence the results. Consequently the 
events occurring during the early phases of immunologic insult in man have 
remained obseure. 

Streptokinase, a product of hemolytic streptococcal metabolism, is antigenic 
to man and as a consequence of naturally occurring infections, the population 
exhibits varying levels of specifie circulating antibody toward this substance. 
Preparations of streptokinase, homogeneous by biophysical examination, but 
showing traces of impurity on immunochemical analysis were trace-labeled with 
I'*? without loss of biochemical activity or detectable change in physieal proper- 

ties. 

The patient’s total cireulating antibody was calculated and clearance studies 
were made during states of both relative antibody and relative antigen excesses. 
Streptokinase was removed from the cireulation at a rapid exponential rate 
(average 50 per cent plasma clearance time 18 minutes) when doses less than 
those required to combine with the total cireulating antibody were injected 
intravenously. Larger doses, greater in amount than those required to neu- 
tralize cireulating antibody, showed complex clearance curves. Analysis re- 
vealed these curves to consist of two exponential component rates. The ‘‘fast’’ 
exponential component was similar to that found earlier during clearance 
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studies conducted during states of antibody excess (vide supra) and the ‘‘slow”’ 
component had an average 50 per cent plasma clearance rate of 81 minutes. 
The two rates differed significantly (p < 0.001), the ‘‘fast’’ rate being found 


during antigen clearance in the presence of specifie antibody and the ‘‘slow’’ 
rate in its absence. 


The mechanisms of antigen removal revealed by this study may be of 
general biologie importance since the experimental conditions used (a soluble 
antigen-antibody system and a dosage of only a few micrograms antigen per 


kilogram of body weight) would appear to be analogous to events oceurring in 
human disease states. 


38. ELECTRONMICROSCOPIC STUDIES OF RENAL BIOPSIES TAKEN 
FROM NEPHROTIC PATIENTS BEFORE AND AFTER DIURESIS 


GIUSEPPE M.D. (By INvirarion), Vicror E. M.B., M.R.C.P.E. 
(By Invrrarion), Ross T. Rem, M.D. (By Invrrarion), Conrap L. Prrant, M.D. 
‘By Invitation), AND Ropert M. Karx, M.D., F.R.C.P., Cutcaco, Tu. 


Biopsies from the kidneys of 3 healthy and 8 nephrotic individuals were 
studied by electronmicroscopy, by oil immersion light microscopy using ultra 
thin sections, and also by standard histologie techniques. 


Electronmicroseopieally, in healthy human glomeruli, lamina densa (base- 
ment membrane), podocytes (epithelial cells), and endothelial cells were clearly 
defined. The lamina densa was + 80 my thick, homogeneous, structureless, and 
separated on either side by a clear (+ 5 mp) space from endothelial cytoplasm 
and podoecytie processes (pedicels). Each pedicel was attached separately 
to the lamina densa. The lamina fenestrata (endothelial cytoplasm) completely 
invested the inner or eapillary surface of lamina densa. 


In one patient, with diffuse thickening of basement membrane by light 
microscopy, the lamina densa was greatly widened, and split longitudinally. 
The podocytes and their pedicels were normal. This anatomie picture is in 
accord with the concept that proteinuria in the nephrotic syndrome results 
from inereased permeability of a damaged basement membrane. 


ITowever, in most cases the endothelial cells and lamina densa were com- 
pletely normal. The podocytes were quite abnormal. Their pedicels had 
disappeared, and in their place a continuous layer of cytoplasm invested the 
lamina densa. The podoeytie cytoplasm was vacuolated. Minute osmiophilic 
fragments, apparently podoeytie in origin, were observed lying free in the 
capsular or Bowman’s space. Three cases were studied before and after 
diuresis. For example, in one ease proteinuria of +15 Gm. per day decreased 
to +2 Gm. per day after diuresis induced by prednisone. In this instance 
a second biopsy taken after diuresis revealed that the podocytes were almost 
normal; normal discrete pedicels were now seen. These observations indicate 
that the podoeyte may play a role relative to the ultrafiltration of plasma, 
previously attributed by some to the endothelial cells and basement membrane. 

It has been suggested that the nephrotic syndrome is the result of immune 
reactions in the glomerulus—loealized in the basement membrane. Our findings 
do not support a predominant role of glomerular basement membrane changes 
in the pathogenesis of these cases of nephrotic syndrome, but rather emphasize 
the importance of glomerular epithelial cell alterations. 
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39. MECHANISMS OF ACTION OF DIURETICS AS REVEALED BY 
POTENTIATION STUDIES 


V. Forp, M.D., Housrox, Texas 
(INtropucEeD By JoHN H. Moyer, M.D.) 


Initial experiments in laboratory animals by Pitts (personal communica- 
tion) suggested that the mechanisms of three groups of diuretics were noncom- 
petitive. Utilizing patients with previous congestive heart failure, we have 
observed the acute excretory responses of sodium, potassium, chloride, and 
bicarbonate following the parenteral administration (priming and sustaining 
doses) of meralluride (Mereuhydrin), acetazoleamide (Diamox), and ehloro- 
thiazide (Diuril), separately and sequentially in various combinations. 

After a maximum inerease in sodium exeretion following meralluride in- 
jection was observed, the administration of acetazoleamide produced another 
significant inerease (twofold) indieating that two noneompetitive mechanisms 
for the tubular reabsorption of sodium had been inhibited. At the peak of 
this second inerease, and while meralluride and acetazoleamide were still being 
infused, the administration of chlorothiazide was observed to produee a third 
significant inerease (twofold) over the previous rate of sodium exeretion. 
suggesting that a third mechanism had been affeeted. 


To further elaborate on the competitive nature of these three mechanisms 
of diuretie aetion, the order of administration of the drugs was changed. If 
acetazoleamide followed the administration of ehlorothiazide, no augmentation 
of sodium excretion was observed. Sinee at least part of the pharmaecodynamies 
of chlorothiazide involves earbonie anhydrase inhibition, one may conclude that 
it is eapable of acting on this enzyme in a competitive fashion with reference 
to aeetazoleamide. But sinee chlorothiazide has other pharmacodynamic prop- 
erties its effeet on sodium exeretion cannot be blocked by acetazoleamide. If 
meralluride administration in equipotent doses followed the administration of 
chlorothiazide, no augmentation of sodium exeretion was observed, but the 
converse is not true. Therefore, chlorothiazide appears to be eapable of 
competing with the mechanism for sodium exeretion that is affeeted by 
meralluride. 

Thus, the data indieate that meralluride shares a mechanism of action with 
chlorothiazide, that aeetazoleamide shares a mechanism with echlorothiazide. 
and that chlorothiazide ean aet through a third noneompetitive mechanism. 


40. OBSERVATIONS ON THE PATHWAYS OF CHOLESTEROL 
EXCRETION IN MAN 


Ivan D. Frantz, M.D... AND James B. Carry, Jr., MINNEAPOLIS, Minn. 
(INrropucED By W. Horrsaver, M.D.) 


The elassie econeept of the meehanism by which cholesterol is removed 
from the body was that it is exereted through the intestinal mucosa, converted 
to eoprastanol in the lumen, and eliminated in the feces. More recent experi- 
ments with isotopes have been interpreted as favoring the conversion to bile 
acids as the major pathway of exeretion. We have been reluctant to accept this 
notion heeause we have been unable to isolate from feees the quantities of bile 
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acids and their derivatives predicted from the rate of cholesterol turnover, and 
beeause feces from subjects fed sterol-free diets contain sizable amounts of 
digitonin precipitable material, the source of which is obseure if it does not 


represent cholesterol exereted from the blood. For these reasons, we undertook 
the present experiments. 


A healthy man was fed a formula diet of skim milk, sugar, and chocolate. 
Twenty microcuries of cholesterol-4-C** were given intravenously. Stools were 
collected daily for isolation and quantitation of the various excretion products 


of cholesterol, and for comparison of their specific activities with that of the 
blood cholesterol. 


The stools were homogenized and extracted exhaustively with boiling 
ethanol. This treatment removed more than 99 per cent of the radioactivity. 
About 70 per cent of the radioactivity was extractable into petroleum ether 
after hydrolysis with aleoholie KOH. Of this, 80 per cent was precipitable 
with digitonin. About 600 mg. of digitonin precipitable sterols could be 
isolated daily, and these had a specifie activity equal to that of the blood 
cholesterol two days earlier. Only 15 per cent of the daily excretion of radio- 


activity was recovered in the bile acid fraction, two thirds of which was 
isolated as deoxycholie acid. 


We feel that these results, together with other evidence (e.g., J. Clin. 


Invest. 86: 898, 1957), demand that further consideration be given to the possi- 


bilitv that the older views on the mechanism of cholesterol exeretion were 
correct. 


41. A COMPARISON OF THE USEFULNESS OF I*** TRIOLEIN, RISA, 
AND FAT AND NITROGEN BALANCE TECHNIQUES IN THE 
DIAGNOSIS OF MALABSORPTION 


A. B. Frencn, M.D. (By Invirration), M. M.D. (By Invitation), 
H. Wiaetns, Pa.D. (By INnviration), ANp H. M. Potuarp, M.D., 
ANN Arpor, MicH. 


Triolein and human albumin (RISA), tagged with I***, are now widely 
used as tools for the diagnosis of malabsorption syndromes. This is based 
on the demonstration by several laboratories that differences in absorption 
of these substances can be used to separate normal from grossly abnormal 
patients. The efficiency and reliability of these methods as compared with 
traditional fat and nitrogen balance studies have not yet been clearly demon- 
strated. 

The present study compares the results of 5-day fat and nitrogen balance 
with the results of feeal, urinary, and blood radioactivity determinations 
following administration of I*** triolein or RISA, and with simultaneous 
vitamin A and glucose tolerance curves in over 50 subjects. Diseases studied 
include nontropical sprue, Whipple’s disease, pancreatic insufficiency, post- 
gastrectomy steatorrhea, regional enteritis, and ulcerative colitis. In general, 
the correlation between increased feeal radioactivity and excessive feeal fat 
and nitrogen was good. Sensitivity in demonstrating abnormality was greater 
with triolein than with RISA. <A small but important group of patients 
showed striking lack of correlation between radioactivity and chemical deter- 
minations. Lack of correlation was greater and more frequent when blood or 
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urinary radioactivity was compared. It is concluded that fecal radioactivity 
determinations are more useful than blood or urine determinations and that 
none of these show complete agreement with chemical balance studies. 


42. GONADAL AND ADRENAL STEROID-INDUCED CHANGES IN THE 
CHOLESTEROL AND PHOSPHOLIPID CONTENT OF SERUM 
LIPOPROTEIN FRACTIONS ISOLATED BY SIMULTANEOUS 
CENTRIFUGATION AT FOUR SOLVENT DENSITIES 
FOLLOWED BY QUICK-FREEZING AND 
TUBE-SAWING 


Rosert H. Furman, M.D., R. PaLmer Howarp, M.D., Anp Leonarp N. Norcia, 
Pu.D. (By Invitation), OKLAHOMA CrTy, OKLA. 


A simple technique for separation of serum lipids according to the specific 
gravity of the lipoprotein complex is deseribed. Serum aliquots are spun at 
40,000 r.p.m. (144,700 x g) for 22 hours at the following densities: 1.006, 
1.019, 1.063, and 1.21 g per ml. The tubes are removed from the rotor without 
agitation and ‘‘quick-frozen’’ in a solution of dry ice and acetone. The plastic 
tube and its solid contents are sawed through in the clear zone beneath the 
supernatant fraction. The infranatant and supernatant fractions are then 
placed in funnels in volumetric flasks, allowed to melt and made up to standard 
a with methanol-methylal. Lipid analyses are then carried out on the 

Itrates. 


Five subjects were given peroral methyltestosterone, one equilin sulfate, 
three prednisone, and one cortisone acetate. 


The cholesterol and phospholipid content of native serum and of each 
density-fraction was determined, and the percentage distribution of these 
lipids in each fraction calculated. 


Equilin sulfate, cortisone, and prednisone produced absolute and relative 
inereases in the amount of lipid in the highest density > 1.063 < 1.21 g per 
ml. (‘‘alpha’’) fraction, while methyltestosterone reduced the lipid content 
of this fraction. 


The lipid content of the > 1.019 < 1.063 (‘‘beta’’) lipoprotein fraction 
showed a less consistent response. Equilin sulfate and cortisone reduced the 
cholesterol and phospholipid content of the beta lipoprotein fraction, both 
relatively and absolutely. Methyltestosterone administration led to increases 
in beta lipoprotein cholesterol and phospholipid with one exception when no 
change was noted. 


Increased beta lipoprotein lipid following prednisone administration was 
noted only when marked increase in the native serum cholesterol and lipid 
phosphorus occurred. When no increase in native serum lipid concentration 
was noted following prednisone administration, beta lipoprotein lipid con- 
centration fell, absolutely and percentagewise. 

The cholesterol and phospholipid content of the > 1.006, < 1.019, and 
< 1.006 fractions either fell or underwent no change during equilin sulfate 
or adrenocorticosteroid administration, whether or not native serum lipid con- 
centrations increased; the response following methyltestosterone was slight and 
inconsistent. 

The effects of adrenocorticosteroids on serum lipids and lipoproteins do 
not appear to be a consequence of thyroid suppression. 
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43. STUDIES IN THE PATHOGENESIS OF LUPUS ERYTHEMATOSUS : 
EXPERIMENTAT, PRODUCTION OF HEMATOXYPHIL BODIES 
IN THE KIDNEY 


JAMES L. German, M.D., BerHespa, Mp. 
(Intropucep By F. J. Heck, M.D.) 


Observations under phase contrast microscopy of unstained preparations 
containing L.E. cells and L.E. bodies disclosed that these structures, in addition 
to being relatively rigid and ‘‘sticky,’’ were often larger than normal formed 
elements of the circulating blood. This suggested that obstruction to small 


blood vessels could develop if such structures should cireulate in the blood 
stream. 


These observations, combined with the known histochemical identification 
of in vitro L.E. bodies with lupus tissue ‘‘hematoxyphil’’ bodies and the unique 
pathognomonie significance of the latter, prompted animal experimentation. 

Suspensions of L.E. cells and L.E. bodies were injected into the aortas of 
rabbits and guinea pigs. The kidneys, removed and fixed from 15 minutes to 
4 hours after injection, showed an abundance of structures in the glomerular 
capillaries which by contour, texture, and staining reactions (purple on H and 
Ii stain; Feulgen positive) seemed characteristic of the hematoxyphil, or ‘‘hema- 
toxylin,’’ bodies found in the lupus kidney. Control animals were negative. 


44. THE EFFECT OF BLOCKING DRUGS ON THE VASCULAR 
REACTION TO ENDOTOXIN IN CATS 


Rosert P. M.D., Minneapouis, Minn. 


Histamine, 5-hydroxytryptamine (5-HT) and epinephrine have been sug- 
gested as mediators of the vascular responses to bacterial endotoxin. Chlorpro- 
mazine and dibenzyline, which block the effects of one or more of these drugs, 
have been shown to protect mice against the lethal effects of endotoxin. The 
present study concerns the effect of similar blocking drugs on the early vascular 
responses to endotoxin. 


Carotid (CAP) and pulmonary (PAP) arterial pressures were measured 
in the open chested cat under pentobarbital anesthesia. The administration 
of endotoxin to the eat characteristically causes a PAP rise and a CAP fall. 
Beeause antihistaminies and dibenamine did not block the vascular effects of 
large doses (0.1 to 1.0 mg./Kg.) of histamine and 5-HT, a dose of endotoxin 
was chosen which did not produce an overwhelming effect. 

In 15 eontrol eats, 0.05 mg./Kg. of endotoxin caused a CAP fall of 45 
per cent (+9 s.e.) and a PAP rise of 73 per cent (+17 s.e.). The combination 
of dibenamine (15 mg./Kg.) and pyrilamine (5 mg./Kg.) afforded almost 
complete protection in 5 eats: the CAP rose 3 per cent (+7 s.e.) and the PAP 
rose 27 per cent (+10 s.e.). In 5 trials of each agent alone there was only 
partial protection. The combination of LSD (0.5 mg./Kg.), with no adrenolytie 
activity, and pyrilamine gave fair protection in 4 cats: the average CAP fall 
was 12 per cent and the average PAP rise was 15 per cent. LSD alone mitigated 
the fall in systemic pressure, but did not alter the PAP rise. The effect of large 
doses of endotoxin (5 mg./Kg.) was not appreciably lessened by these drugs. 

These results are consistent with the possibility that histamine and 5-HT 
are active during the early phase of the endotoxin reaction. It does not 
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follow that the blocking agents used would be of therapeutie use, especially 
during the late phases of a severe endotoxin reaction. 


45. SOME OBSERVATIONS ON THE VARIABLE FATE OF BILIRUBIN 
DEPENDING ON CONJUGATION AND OTHER FACTORS 


Sicrip GILBeERTSEN, M.D. (By Invitation), CAMPBELL, M.D. 
(By Invitation), C. J. Warson, M.D., Mrnneapouis, 


Earlier studies had shown that erystalline bilirubin given per duodenal 
tube in patients with complete biliary obstruction was largely unaccounted for 
as urobilinogen in the feces. In the present study intraduodenal administration 
of N* erystalline bilirubin in 3 eases of carcinomatous biliary obstruction and 
in a normal subject was followed by recovery of less than 5 per cent as fecal 
urobilinogen and no inerease of mesobilifuscin (dipyrrylmethene group). 
Crystalline bilirubin given intravenously in a normal subject was largely 
accounted for (79 per cent) as urobilinogen, with minor amounts of mesobili- 
fusein and bilirubin. The administration of a crude bilirubin glucuronide 
per duodenal tube in a normal subject was entirely accounted for as fecal 
urobilinogen and mesobilifuscin, in the normal ratio. Substantial increases in 
feeal urobilinogen were noted in similar experiments in two patients with 
complete biliary obstruction. 

A remarkable contrast to the normal handling of bilirubin was observed 
in a patient with refractory anemia. The Cr™ red cell survival measurement 
was normal, but the fecal urobilinogen was regularly very small, averaging 
but 22 per cent of the anticipated value. Here there was no significant increase 
of feeal bilirubin, urobilinogen, or dipyrrylmethene following administration 
of bilirubin glucuronide intraduodenally or erystalline bilirubin intravenously. 
Yet when crystalline mesobilirubinogen (i-urobilinogen) was given intraduo- 
denally, the inerease of fecal urobilinogen corresponded with the amount ad- 
ministered. These observations suggest that in this patient there is an aberrant 
fate of bilirubin, but whether in the intestinal tract is not clear. That it is 
not due to failure of conjugation of bilirubin by the liver was evidenced by the 
usual prompt direct diazo reaction of the bilirubin in the duodenal contents. 

The present studies thus indicate that while conjugation of bilirubin is 
important or even essential to its normal conversion to urobilinogen by the fecal 
flora, there may exist significant deviations of the ordinary pathway based on 
other mechanisms which are not yet clear. Whether these are fundamentally 
related to disease states, such as anemia, also remains to be determined. 


46. BLOOD CHOLESTEROL LOWERING EFFECT OF ESSENTIAL 
FATTY ACID SUPPLEMENTS IN DIABETIC PATIENTS 


Epaar S. Gorpon, M.D., Mapison, Wis. 


Preoceupation with atherosclerosis as an important human disease accounts 
for the widespread interest in cholesterol and a variety of methods that have 
been devised to alter blood cholesterol levels. Of these methods, one of the 
most interesting has been the addition of essential fatty acid supplements (EFA) 
to the diet. Special interest in diabetic subjects has resulted from (1) the well- 
recognized accelerated rate of development of atherosclerosis in diabeties, (2) 
the report of Holman that diabetic animals have an EFA requirement signifi- 
eantly higher than that of normal controls, and (3) the tendency for many dia- 
beties to have elevated blood cholesterol levels. 
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Fourteen severe diabetic patients of both sexes, ranging in age from 19 
to 54, have been studied over a period of 7 months. All subjects are suffering 
from diabetic vascular complications of the Kimmelstiel-Wilson type and many 
have severe loss of vision. EFA has been administered in the form of safflower 
oil in a dose of 30 ml. morning and evening, accompanied by an isoealoric 
reduction in the fat of their diabetic diets. Measurements have been made 
serially of total, free and esterified cholesterol, total content, and iodine number 
of cireulating plasma fat. Careful clinical observations have accompanied 
these laboratory studies. 

Blood cholesterol levels have been consistently and significantly lowered 
in all subjects. No significant change in the free/ester ratio has been noted. 
Total cireulating blood lipids have risen progressively in most instanees and 
no consistent change (rise) in iodine number of these fats has oceurred. All 
patients have been improved clinically. No spontaneous retinal hemorrhages 
have occurred in any patient since EFA supplements were started and tour- 
niquet tests, initially strongly positive, have become less positive and in a few 
instances, negative. Insulin requirements have tended to decrease slightly. 
The possible significance of these observations will be discussed. 


47. RETROGRADE AORTIC CATHETERIZATION IN AORTIC 
STENOSIS 


E. W. Green, M.D. (By Invitation), R. F. Zrecier, M.D., Detrrorr, Micn. 


The precise determination of various degrees of aortic stenosis requires 
direct measurement of the pressure gradient across the valve. It seemed tech- 
nieally advantageous, particularly in infants and children, to measure this 
gradient by retrograde catheterization of the aorta and left ventricle from the 
right brachial artery. This procedure was performed successfully, without 
morbidity and mortality in 15 eases of aortic stenosis ranging in age from 10 
weeks to 22 years. From this approach it was possible to explore both ascending 
and descending aorta, which proved the pressure, location, and degree of asso- 
ciated coarctation in 3 eases. In entering the left ventricle constant care with 
fluoroscopic visualization and simultaneous pressure monitoring was exerted to 
first outline the exact position of the valve and then to pass it without trauma- 
tizing the coronary arteries. Ventricular irritability was notably absent as long 
as catheterization of this chamber was done with care. 

In addition to the quantitative physiologic information provided, this 
technique has established by electrocardiographie correlation a foundation 
for the more accurate clinical determination of the presence, degree, and 
hemodynamie type of left ventricular enlargement. In combination with right 
heart catheterization it has also proved to be of importance in detecting and 
evaluating the presence of combined valve lesions such as pulmonary and aortic 
or mitral and aortic stenosis, particularly when other signs. such as those 
indicative of combined eardiae chamber enlargement may be equivocal or absent. 


48. A PITUITARY-PROSTATE RELATIONSHIP NOT MEDIATED BY 
THE TESTIS AS REVEALED BY STUDIES WITH 
TESTOSTERONE-4-C™% IN THE MALE RAT 


Davin S. Greer, M.D., Cuicaco, Inu. 
(INrRopUcED By RicHAarD L. LANDAuv, M.D.) 


After the subeutaneous administration of a physiologic dose of testosterone- 
4-C™ to intact, castrated, and hypophysectomized castrated, pubescent male rats, 
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greater concentrations of radioactivity were detected in the prostate and other 
male accessory glands than in nonsex-linked tissues. The evidence gathered 
suggests that the radioactivity detected in the prostate represented the 
androgen or a rather immediate metabolic thereof. 


In intact rats and in rats castrated 2 or 3 days the prostatic concentration 
of radioactivity averaged 2.5 to 3.0 times that in tissues regarded as ‘‘androgen 
independent’’ (e.g., tongue). The radioactive isotope could not be removed 
by perfusion with normal saline. Cannulation of the bile ducts to eliminate 
hepatic metabolites and intestinal degradation products of testosterone did 
not diminish the avidity of prostatic tissue for the isotope. The injection of 
cholesterol-4-C™ as a control steroid did not yield similar concentrations of 
tissue radioactivity. 


Hypophysectomy 3 days prior to the administration of testosterone- 
4-C™ lessened the attraction of the prostate for the androgen derived isotope. 
The mean concentration of radioactivity in the prostates of 2-day castrated 
animals was 14.7 disintegrations per minute per 10 mg. wet weight, whereas 
the mean concentration in prostates of hypophysectomized castrated animals was 
9.9 disintegrations per minute per 10 mg. wet weight. A comparison of the 
ventral prostate/tongue ratios of radioactivity (a device employed to cancel 
the effects of variations in the concentration of circulating isotope on its localiza- 
tion in both prostate and ‘‘androgen-independent’’ tissues, as well as to 
emphasize the ‘‘specifie’’ localization in prostate) delineated the two groups 
of animals even more sharply. The mean ventral prostate/tongue ratio in 
castrates was 2.87; in hypophysectomized castrated rats, 1.62 (p value < 0.001). 


These data suggest that the localization of androgen by male accessory 
tissues may be an important facet in the endocrine control of their growth and 
metabolism. The impairment of this localizing process in hypophysectomized 
castrated rats points to a mechanism by which the pituitary could influence 
the prostate by means other than stimulation of the testis. 


49. INHIBITORY EFFECTS OF STEROIDS ON THE GROWTH OF 
UTERINE FIBROBLASTS: THE ISOLATION OF 
STEROID-RESISTANT VARIANTS 


B. I. Grosser, H. E. Swi, PxH.D., CLEVELAND, 


(IntRopucED By R. F. Parxer, M.D.) 


The effect of steroids on the proliferation of mammalian cells cultured in 
vitro has been investigated. Uterine fibroblasts, strain U12-79, were propagated 
in a defined medium supplemented with 5 per cent dialyzed horse serum 
(medium 79). To examine the effects of steroids on growth, U12-79 was 
propagated serially for periods of 3 weeks (3 subcultures) in medium 79 con- 
taining a single steroid in concentrations ranging from 0.1 to 25 pg per milli- 
liter. Cells exposed to corticosterone, desoxycorticosterone, estradiol, estriol, 
hydrocortisone, progesterone, or testosterone at a concentration of 25 pg de- 
generated over a period of 2 to 7 days. Hydrocortisone and corticosterone in- 
hibited growth at concentrations as low as 0.1 wg per milliliter whereas the 
remaining steroids reduced proliferation only at levels of 5 wg per milliliter. 
Inhibition of growth in the presence of steroids was accompanied by cytologic 
changes. In view of the fact that a population of U12 cells has been shown to 
contain nutritional variants (Swim, H. E., and Parker, R. F.: Fed. Proce. 16: 
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435, 1957) the possibility that steroid resistant variants were also present was 
investigated. Cells were treated with either hydrocortisone or testosterone at a 
concentration of 25 wg per milliliter. Under these conditions, the cells gradu- 
ally degenerated until it appeared that all of the cells were involved. The 
regular schedule of fluid replacements was continued and subsequently a few 
healthy cells were noted in the cultures and their progeny continue to proliferate 
at essentially the same rate in the presence of steroid as that of the U12-79 strain 
in medium 79. Previous experiments (Sweat, M. L., Grosser, B. I., Nabors, 
C. J., and Swim, H. E.: Fed. Proc. 16: 258, 1957) indicate that hydrocortisone 
is metabolized by strain U12-79. Studies are now under way to determine 


whether the metabolism of hydrocortisone by the resistant variant differs from 
that of the sensitive U12-79 strain. 


50. THE STIMULATORY EFFECT OF ‘‘ANEMIC PLASMA’”’ IN 
CONGENITAL HYPOPLASTIC ANEMIA 


Cuirrorp W. GuRNEy, M.D. (By Inviration), Mita I. Pierce, M.D. (By 
InviraTion), Stantey E. Scurier, M.D. (By Invitation), E. Carson, 
M.D. (By Invrration), AND LEon O. Jacospson, M.D., Cuicaco, ILL. 


Congenital hypoplastic anemia is a chronic anemia appearing in the first 
few months of life, characterized by a normochromie anemia, persistently low 
reticulocyte count, and marrow hypoplasia confined to the erythrocytic series. 
It is usually refractory to therapy other than repeated transfusions. Our 
studies of the hormonal regulation of erythropoiesis led us to consider the 
possibility that a deficiency of an essential plasma factor might be responsible 
for erythroid hypoplasia in this disease. This hypothesis was tested by observ- 
ing the effects of ‘‘anemic plasma’’ in two patients with congenital hypoplastic 
anemia. ‘‘Anemic’’ rather than normal plasma was used because we demon- 
strated previously the increased erythropoietie-stimulating properties of such 
plasma. Donors of the same blood type as the patients were bled until their 
hematocrit values reached 25 per cent. ‘‘Anemie plasma’’ was then harvested 
daily, the packed cells being returned to the donors to prevent further fall in 
their hematocrits. 

Daily infusions of approximately 300 ml. of ‘‘anemie plasma’’ were given 
to two patients with congenital hypoplastic anemia. After 5 infusions, the 
reticulocyte count exceeded any values recorded previously for either patient, 
rising to 4.0 per cent after 8 infusions in one patient and 3.4 per cent after 6 
infusions in the other. Iliac marrow aspirations were performed prior to the 
onset and again upon termination of the course of the infusions. In the first 
patient, who responded with a transient rise in hemoglobin as well as a reticu- 
locytosis, the marrow showed increased numbers of .proerythroblasts and all 
stages of normoblasts. In the second patient, no rise in hemoglobin accompanied 
the reticulocytosis, and marrow changes were less striking although early 
normoblasts were increased. 

We conclude that some factor present in ‘‘anemie plasma’’ is eapable of 
stimulating erythropoiesis in congenital hypoplastic anemia. This finding sug- 
gests congenital hypoplastic anemia is the result of a congenitally-determined 
deficiency of some essential plasma factor. Current investigation is directed 


toward elucidating the nature of this factor and its possible relationship to 
erythropoietin, the erythrocyte-stimulating hormone. 
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51. EFFECT OF CHANGE IN BLOOD FLOW RATE UPON RENAL 
VASCULAR RESISTANCE 


F. Happy, M.D., Px.D., J. Scorr, M.S., M. FueisHman, M.D., 
D. EmManve., M.D., Fort Knox, Ky. 


(InrRopUCED By Craig W. BorpEn, M.D.) 


It has long been known that renal vascular resistance increases progressively 
as arterial pressure is raised in the range 80 to 200 mm. Hg. This accounts for 
the unique capability of the kidney to keep its blood flow rate constant despite 
large changes in arterial pressure. The response has been variously ascribed 
to active vasoconstriction, passive vasoconstriction, absolute blood viscosity 
inerease, and dynamic blood viscosity increase. In an attempt to define the 
mechanism responsible for the resistance increase, the effect of changing flow 
rate in the range 25 to 180 ml./min. upon renal vascular resistance was studied 
in 82 pentobarbitalized laparotomized dogs. Flow rate was varied by interpos- 
ing a blood pump in the right renal artery. On the average, resistance pro- 
gressively decreased when blood flow rate was raised from 25 to 75 ml./min. 
and progressively increased when raised from 75 to 180 ml./min. However, 
intraindividual and interindividual comparisons showed the onset of the re- 
sistance increase to be flow rate independent but pressure dependent. The onset 
always occurred at mean arterial pressures between 50 and 100 mm. Hg regard- 
less of the flow rate. This relationship between resistance and pressure was 
unchanged by extrinsic nerve section, destruction of circulating catecholamines, 
local sympathetic nerve blockade, local parasympathetic nerve potentiation, 
inereased CO. tension, and [H*] and deeapsulation. The resistance increase 
was abolished and replaced by a progressive resistance decrease during blood 
perfusion when dextran was intermittently used as the perfusate. The resist- 
ance increase was not observed in dextran perfused kidneys and in blood per- 
fused dead kidneys. Elevation of arterial pressure by increasing blood flow 
rate failed to significantly increase lymph flow rate from cannulated hilar lymph 
vessels. Winton, Gottschalk, Swann, and Miles have separately shown that 
elevation of renal artery pressure is accompanied by no or relatively little 
change in interstitial pressure. These observations indicate that the resistance 
increase results from active vasoconstriction. The vasoconstriction appears to 
be caused by some effect of an inerease in arterial transmural pressure acting 
directly upon vascular smooth muscle. 


52. THE EFFECT OF ANTIBIOTIC COMBINATIONS UPON STAPHY- 
LOCOCCI, WITH SPECIAL REFERENCE TO OLEANDOMYCIN 


WeENDELL H. M.D., Pa.D., Harotp Exuiorr, B.A. (By Invitation), 
MINNEAPOLIS, MINN. 


In a previous report we demonstrated the activity of 12 antibiotics in 66 
paired combinations against 30 hospital strains of Staphylococcus aureus. Ac- 
tivity was measured by broth dilution with subeultures and by paper strip-agar 
diffusion with replica plating. Addition of antibacterial activities of antibioties 


was frequent but true synergism and antagonism were rare with these rather 
resistant bacterial strains. 
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Recent claims for synergism of action with delay in emergence of resistance 
prompted studies with the new antibiotic, oleandomyein, in combination with 
various other antibioties.’ 


Though rather resistant to penicillin and tetracycline, most of the 30 strains 
of staphylococci were inhibited in broth by a smaller concentration of Sigmamy- 
ein (oleandomycin plus tetracycline 74), AP (oleandomyein plus peni- 
cillin G %) and APG (AP % plus penicillin G 4%) than by oleandomycin, 
tetracycline, or penicillin. These antibiotic combinations also showed addition 
of growth inhibition on agar plates when tested individually and with bacitracin, 
chloramphenical, erythromycin, novobiocin, neomycin, and vancomycin. <An- 
tagonism was exceedingly rare and true synergism was never observed on agar 
plates. Oleandomycin was less active than erythromycin. 


Contrary to early reports, oleandomycin combinations proved to show little 
addition of antibacterial activity against resistant bacterial strains. 


A few strains of susceptible staphylococci were made resistant to individual 
and paired antibiotics by repeated exposure to doubling concentrations in broth. 
Resistance developed rapidly and to high concentrations with the single anti- 
bioties, streptomycin, erythromycin, oleandomyein, and vancomycin. Resistance 
to penicillin and to neomycin developed slowly and to relatively low concentra- 
tions with most bacterial strains, though a few rapidly became highly resistant. 
Mixtures of equal parts of these antibiotics in pairs were also used. Vancomycin 
with oleandomyein or erythromyein did not retard resistance. Streptomycin 
slowed moderately the rate of resistance to both oleandomyein and erythromycin. 
Contrary to expectation, oleandomycin markedly slowed the rate of resistance 
to the closely related antibiotic, erythromycin. 

Antibiotic combinations are useful in staphylococeal infections, especially 
if antibiotic susceptibility tests are lacking. Addition of antibacterial activities 
may be helpful and emergence of resistant strains may be retarded by a proper 
selection of antibiotics. Mixtures of similar antibiotics may prove more useful 
than has been apparent hitherto. 


538. CIRCULATORY DYNAMICS IN ACUTE GLOMERULONEPHRITIS 


Harper K. Hettems, M.D., Vatentino DeFazio, M.D. (By Invitation), 
Yosurkazu Morira, M.D. (By Inviration), RayMonp C. CHRISTENSEN, M.D. 
(By Inviration), AND Lesem J. Barr, M.D. (By Inxviration), Micu. 


Although heart failure is the most common eause of death in the initial 
stage of acute glomerulonephritis, its pathophysiology is poorly defined. To 
determine the circulatory abnormalities present in this disease, hemodynamic 
studies, employing the technique of cardiae catheterization, have been carried 
out in 6 patients with typical clinical and laboratory findings of acute glomeru- 
lonephritis of a few days’ duration. Patients were studied in the resting state. 


At the time of study, all patients had elevated blood pressures; 5 were 
edematous; 2 had pulmonary congestion. In 5 of the subjects, including both 
patients with pulmonary congestion, the arm-to-tongue circulation time was 
within normal limits. 


In 2 patients oxygen consumption was slightly elevated, but was normal 
in the remaining 4. The arteriovenous oxygen difference ranged from 25.7 to 
42.5 ml./L. with a mean of 31.7 + 2.6 (s. e. m.). The cardiae index ranged 
from 4.43 to 7.08 L./min./M.? with a mean of 5.18 + 0.40, a value significantly 
above the normal. 
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In all patients the pulmonary ‘‘eapillary’’ pressure was elevated, ranging 
from 14 to 39 mm. Hg with a mean of 23.3 + 3.7, indicating a high left ventricu- 
lar filling pressure. The pulmonary artery and right ventricular systolie pres- 
sures were abnormally high in each and right ventricular filling pressure was 
significantly increased in 4 of the 6 patients. 

Although all patients were hypertensive with brachial artery mean pres- 
sures ranging from 136 to 182 mm. Hg, the caleulated total peripheral resistance 
was within normal limits (range 1,100 to 1,502 dynes/see./em., mean 1,303 + 
126), indieating that the hypertension in this high output state is independent 
of any significant reduction in the total cross-sectional area of the peripheral 
vascular bed. Total left ventricular and left ventricular stroke work were 
markedly elevated. Two patients studied after diuresis had occurred showed 
entirely normal circulatory dynamics. 

In conclusion, in the edematous stage of acute glomerulonephritis there is 
a high eardiae output with associated inerease in ventricular filling pressures 
suggesting that these patients have a high output type of heart failure. 


54. CLINICAL AND METABOLIC CHANGES INDUCED BY GLUCAGON 
IN PATIENTS WITH RHEUMATOID ARTHRITIS 


O. M. Heimer, Pu.D., W. R. Kirttey, M.D., anp A. S. Rmotro, Px.D., M.D. 
(By Invrration), INDIANAPOLIS, IND. 


In our laboratories we have been studying the effects of glucagon on carbo- 
hydrate and protein metabolism. One of the most striking effects of its adminis- 
tration is the lowering of amino nitrogen in the blood of human subjects and 
experimental animals. The change in amino nitrogen of the blood is greater 
than that of glucose. The effect of glucagon on protein metabolism does not 
appear to be mediated through the adrenal glands, since in adrenalectomized 
rats the fall in amino nitrogen is of the same order as in the intact animal but 
is not as sustained. 

Salter and Best have also demonstrated that glucagon has a protein cata- 
bolie effect, and on this basis they administered glucagon to patients with 
rheumatoid arthritis. These investigators observed that an anti-inflammatory 
effect accompanied the protein catabolic action. 

With hope of throwing more light on the metabolic mechanisms concerned, 
12.5 mg. of erystalline glucagon was given intravenously over a period of 10 
hours to 3 patients with rheumatoid arthritis. Each patient received infusions 
for 3 consecutive days. Of the blood constituents examined, the decrease in 
amino nitrogen was of greatest magnitude, greater than that of rise in glucose. 
In the urine there was an increased excretion of nitrogen, phosphate, 17-OH 
corticoids, and urie acid during the infusion period with variable appearance 
of ketone bodies. There was minimal glycosuria. 

Subjectively, all patients volunteered that there was diminished pain, 
increased joint motion, and a continued feeling of well-being for periods up to 
7 days after the discontinuance of therapy. One patient whose disease was in 
the acute phase also demonstrated decreased redness of joints. Untoward 
symptoms were limited to nausea and loss of appetite which occurred through- 
out the period of infusion. 

Because of the nausea and short duration of action, glucagon in its present 
form appears to have no practical value in the treatment of arthritis. However, 
it is possible that further experimental study may not only shed light on the 
basic mechanism of inflammation but also increase our knowledge of protein, 
carbohydrate, and energy metabolism. 


¥ 
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55. PROTEIN REQUIREMENTS IN CHRONIC RENAL INSUFFICIENT 
PATIENTS 


A Stupy or THE NITROGEN MINIMUM 


RicHarp F. Hernpon, M.D. (By Invitation), SmrrH FREEMAN, M.D., Px.D., 
AND ANNE S. CLEVELAND, PH.D. (By Invrration), Cutcaco, IL. 


The protein requirement for nitrogen equilibrium was estimated from 
nitrogen balance studies on five chronie renal insufficient patients and one 
healthy subject. The minimum nitrogen requirement for nitrogen balance in 
the renal insufficient patients exceeded that of a healthy subject. 

The increase in protein requirement for nitrogen balance seemed to be 
greatest in patients with the most advanced renal insufficiency. Whether this 
was due to a generally reduced efficiency in protein utilization or to increased 
requirements for some particular amino acids is not known. 

The addition of glycine and a mixture of both p- and t-forms of the 8 
essential amino acids according to Rose resulted in nitrogen loss out of propor- 
tion to the increased nitrogen intake; supplementation with L-methionine re- 
sulted in a nitrogen loss increased in proportion to the inerease in nitrogen 
intake and no protein sparing effect could be demonstrated. The addition of a 
mixture of L-amino acids composed of 75 per cent leucine, 15 per cent isoleucine, 
8 per cent methionine, and 3 per cent phenvlalanine resulted in a modest 
nitrogen sparing effect in one patient and no effect in two others. 


56. THE INTERPRETATION OF ELECTROLYTE CONCENTRATIONS 
OBTAINED DURING INTRAVENOUS ELECTROLYTE INFUSIONS 


Cart R. Hinss, M.D., Curcaco, IL. 


(IntTRopUCED By SHELDON S. WALDsTEIN, M.D.) 


In the management of patients with electrolyte abnormalities, an intra- 
venous repair solution is often started before blood samples are obtained for 
analysis. The significance of the results of these subsequent electrolyte de- 
terminations is therefore questioned. This experiment was designed to study 


this situation in normal subjects preliminary to study of patients with electrolyte 
abnormalities. 


Five hundred milliliters of a solution containing 155 mEq./L. of sodium 
chloride and 40 mEq./L. of potassium chloride were administered intravenously 
to each of 20 normal, fasting adults. This was given at a constant rate in 
exactly 2 hours. Blood was obtained from the opposite extremity prior to and 
30, 60, and 120 minutes after the start of the infusion. The microhematocrit 


and serum sodium, potassium, and chloride concentrations were determined in 
each blood specimen. 


The data were submitted to an analysis of variance. The following changes 
were found to be statistically significant at the 5 per cent level: a decrease in 
the hematocrit and an increase in the serum potassium which persisted during 
the entire infusion; and an increase in the serum chloride concentration 1 and 
2 hours following the start of the infusion. There was no significant change 
in the serum sodium concentration. 


The maximal variations of the means were: hematocrit, 3 per cent; serum 
potassium, 0.38 mEq./L.; and serum chloride, 1.9 mEq./L. If true in abnormal 
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patients, as well, variations of this degree would be unlikely to alter the diag- 
nostic appraisal. This demonstrates very rapid and nearly complete mixing 
of infused electrolytes in normal patients. 

It is coneluded that intravenous administration of sodium and potassium 
chloride at the concentrations and rate described to normal adults does not alter 
significantly the hematocrit or serum sodium, potassium, and chloride conecen- 
trations in blood obtained during the course of the infusion. 


57. A CHROMATOGRAPHIC STUDY OF THE CHEMICAL STRUCTURE 
OF HUMAN SERUM LIPIDS 


Juutes Hirscu, M.D., Jr., M.D., Epwarp H. AnRENS, JR., 
M.D., New York, N. Y. 


(InrrRopucED By IrvINE H. Pace, M.D.) 


Adsorption chromatography with silicic acid is a valuable method for 
separating the components of many complex lipid mixtures. Recent modifica- 
tions of this method involving the special selection and preparation of adsorbent 
and the use of gradient elution render it particularly applicable to the separa- 
tion and chemical characterization of the components of human serum lipids. 
Preliminary studies with other adsorbents indicate that such chromatographic 
separations may be accomplished by a rapid and automatie means. 

These techniques demonstrate the existence of the following classes of 
lipids in the serum: hydrocarbons (carotene), cholesterol esters, triglycerides, 
nonesterified fatty acids, cholesterol, and phospholipids. The phospholipids are 
further separable into three substances corresponding to: cephalins, lecithin, 
and sphingomyelin. In a large number of normal and abnormal sera, no 
diglycerides or monoglycerides can be found; but, during the heparin-induced 
clearing of lipemic serum, small amounts of these substances are present. 

The complete separation and quantitative recovery of cholesterol esters, 
triglycerides, and phospholipids enable the isolation of the fatty acids present 
in each of these groups. The further analysis of these fatty acids by gas-liquid 
chromatography completes the chemical definition of the serum lipids. 

Previous studies have shown that the formula feeding of single, well- 
defined fats to human subjects produces predictable alterations in the coneen- 
tration of the serum lipid classes. The complete analysis described above shows 
striking variation of the fatty acid composition of each lipid class in response 
to such dietary manipulations. This is most marked in the triglyceride fatty 
acids, but the cholesterol esters and phospholipids also show distinet changes. 
Thus, the feeding of a corn oil formula following a butter formula more than 
doubled the linoleic acid content of the cholesterol esters and phospholipids, 
but the amount of linoleic acid in the triglycerides was inereased eleven fold. 


58. APPARENT STIMULATION OF THYROID ACTIVITY IN MEN FED 
AN UNUSUAL DIET 
Rosert E. Hopcers, M.D., Trrus C. Evans, Px.D., Iowa Crry, Iowa 


(IntropucEp By Henry E. Hamiuron, M.D.) 


A group of 6 healthy young men was fed a formula composed of purified 
easein, corn oil, carbohydrates, vitamins, and minerals. This strange diet has 
been used by us in previous studies of pantothenic acid deficiency. In this 
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experiment the men were divided into 3 pairs. All 6 were fed the basie formula 
for 12 weeks, but 2 men serving as controls received pantothenic acid. The 
other 4 men were deprived of this vitmain, and 2 of these were given an anti- 
metabolite of pantothenie acid. 


Thyroid function tests were performed to ascertain any possible aberrations 
from normal, although none were expected. The responses, while surprising, 
were unrelated to pantothenic acid or its antagonist, since they were similar in 
all 6 men. 

The protein-bound iodine values which initially averaged 5.2 gamma per 
100 ml. of blood, began to rise by the fourth week, and averaged 11.8 by the 
sixth week of this diet. At the same time the uptake of radioactive iodine 
began to rise. Initially the 24-hour uptake averaged 13 per cent, but this in- 
creased steadily to 32 per cent by the end of the study. 

Clinieally the men remained euthyroid. Their thyroid glands did not 
enlarge and their temperature, pulse, and body weight remained constant. 

It became apparent that here was a phenomenon not readily explained by 
our concepts of thyroid metabolism. The only other significant biochemical 
change was a prompt decrease in the serum cholesterol from average values of 
215 to 134 mg. per cent. This is a normal response to a diet containing highly 
unsaturated fats. 

One further consideration arose. The formula was assayed for its content 
of iodine and found to be low (less than 0.2 mg. per day). Iodine deficiency is 
known to produce goiter and to increase the radioiodine uptake temporarily, but 
would the protein-bound iodine also rise? We determined the ratio of bound 
['*! in each man and found it to be normal. 

We have considered several possible explanations for this effect but none 
seems satisfactory. Could unsaturated fats alter the transport of iodine? 
Perhaps our future studies will reveal whether this is fact or artifact. 


59. A SURVEY OF THE RELIABILITY OF THE DISK TEST FOR 
ANTIBIOTIC SENSITIVITY IN NINE TEACHING 
HOSPITAL LABORATORIES 


R. V. Horrman, M.D. (By Invitation), G. G. Jackson, M.D., anv M. P. 
Turner, M.S. (By Inviration), Cuicaco, IL. 


Commercial paper disks for determining bacterial sensitivity to antibiotics 
are in common use. Their results have considerable influence upon physicians 
and the treatment of patients. Several studies from individual laboratories 
have supported or challenged the validity of the test. In the present investiga- 
tion standard strains of five different bacterial genera were tested by the routine 
disk method in the laboratories of nine teaching hospitals and by two modifica- 
tions of the tube dilution method. Major discrepancies occurred in the results 
from different laboratories in up to 25 per cent of the tests and for individual 
laboratories in the relation of the results to those obtained by the tube dilution 
method. The disk test usually showed greater sensitivity than the correspond- 
ing tube dilution test. The finding of resistance was more reliable. Over-all, 
21 per cent of strains reported as sensitive and 53 per cent of those found 
moderately sensitive by the disk test were not inhibited by 10 pg/ml. while 
11 per cent of strains reported as resistant and 31 per cent reported as moder- 
ately resistant were susceptible to this concentration or less. There were marked 
differences in the correlation of the results for different antibiotics. False 
sensitivity was common with streptomycin, chloramphenicol, and polymyxin, 
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whereas false resistance was a more common finding with Aureomyein and 
tetracycline disks. Important differences also were observed among the bacterial 
species. 

The data illustrate the limited reliability of depending upon the results of 
routine sensitivity tests in the selection of an antibiotic for therapy. The dis- 


cussion will include the areas of confidence and independability in the clinical 
interpretation of the tests. 


60. A CRITICAL STUDY OF BALL-TYPE EAR PROTECTORS 


Raymonp F.. Hoven, Jr., M.D., AND KenNetu G. B.S.E.E. (By Invira- 
TION), Wicuira, Kan. 


In comparing the effectiveness of devices used for the protection of workers 
against industrial and jet engine noise, promising results have been obtained 
with a modification of an old design (Plessner, 1885). This modified design, 
which comprises essentially an anodized aluminum sphere with an adjustable 
nylon retention knob, has been compared under laboratory conditions with two 
conventional types of insert ear protectors (bullet and V-51R designs) in 12 
adults with normal hearing. 

Subjects were tested individually in an efficient sound absorbent room 
measuring approximately 10 by 12 by 7 feet. A psychoacoustic method of 
testing was used; i.e., each subject’s absolute threshold of hearing was deter- 
mined before and after inserting ear protectors, the difference being the attenua- 
tion afforded by the device under test. Attenuations for each type of ear 
protector were measured in this manner for noise, octave band widths of noise, 
and tones. Speech reception thresholds in quiet and noise were measured, using 
recorded spondee words. The subjects received instructions and sound presenta- 
tions through loudspeakers located within the sound absorbent room, and 
signaled awareness thresholds to observers in an adjoining control room. 


It was apparent from the experimental data that the criteria employed in 
selecting the subjects (pure tone audiograms and otoscopiec examination) did 
not insure uniformity of threshold responses, which displayed a definite tend- 
eney toward random distribution. By using analysis of variance techniques, it 
was possible to study the effects of the ear protectors independent of the effects 
due to subject differences. These studies indicated that the order of decreasing 
effectiveness for the ear protectors was: (1) ball-type, (2) bullet-type, and 
(3) V-51R type; octave by octave within the 20 to 9,600 ¢.p.s. range. The same 
was true for the speech range, 600 to 4,800 ¢.p.s. for white noise, and for pure 
tones. Attenuation of speech reception in quiet tended to be somewhat less than 
attenuation of white noise. Speech reception in noise appeared to be slightly 
improved and to about the same extent by all the devices tested. 


It was concluded that the ball-type ear protectors were more uniformly 
effective than the other types which were examined. 


61. A NEW ERYTHROPOIETIC SUBSTANCE DERIVED FROM LIVER 
Dante L. Horrican, M.D., CLEVELAND, OHIO 


Previous communications have described two patients with hypochromic 
anemia which was refractory to the usual hematopoietic agents but which re- 
sponded to the oral administration of liquid extract of liver (Valentine). This 
anemia was accompanied in both patients by elevation in serum iron levels, 
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which became normal during response to therapy. The erythrocytes showed 
marked variation in size, shape, and color saturation. The bone marrow showed 
erythroid hyperplasia with maturation arrest at an erythroblastic level. The 
clinical characteristics of this anemia were very similar to those of a recently 


reported patient with anemia responsive to pyridoxine but not to oral erude 
liver extract. 


A previously unrecognized and as yet unidentified erythropoietic substance, 
which produces a hematologic response in one of these patients, has been isolated 
from the erude liver extract. Procedures for the isolation of the active material 
include aleohol precipitation and ethyl acetate extraction of the erude extract 
followed by ion exchange and paper chromatographic techniques. Activity in 
various fractions is demonstrated in the anemic subject by reticulocyte response, 
rapid erythrocyte regeneration, and decrease in serum iron concentration to 
normal values. Hematologic relapse in about four months regularly follows 
cessation of therapy. 


From 90 ml. of the erude extract (equivalent to approximately 680 Gm. 
of unprocessed liver) about 1.0 mg. of the active material is obtained; this 
amount when given by mouth daily for 10 days produces an optimal hema- 
tologie response in the anemic subject. A suboptimal response may follow daily 
oral doses of as little as 0.25 mg. for 10 days. 

Although the nature of the active substance remains unknown, its ultra- 
violet spectral characteristics and microbiologic activity do not suggest an 
identity with any known erythropoietic agent, including pyridoxine and its 
derivatives. Acid hydrolytic studies suggest a polypeptide structure within 
the molecule. 

The morphologic characteristics of the anemia in this patient suggest a 
metabolic defect in hemoglobin synthesis. Also, the small amount of the active 
substanee required to correct the anemia suggests that it is a cofactor. The 
nature of this substance may further elucidate metabolic processes involved in 
hemoglobin synthesis. 


62. HYPOGAMMAGLOBULINEMIA AND CHRONIC LYMPHATIC 
LEUKEMIA 


Rosert P. Hupson, M.D. (By Inviration), Stoan J. Witson, M.D., 
Kansas Crry, Kan. 


Patients with chronic lymphatic leukemia (CLL) have decreased resistance 
to infection. Rundles, Coonrad, and Arends (1954) found hypogammaglobu- 
linemia in one of 15 patients with CLL. Jim (1957) found hypogammaglobu- 
linemia in 34 per cent of 50 CLL patients, but made no attempt to correlate the 
clinical course with this finding. This study was undertaken to determine the 
incidence of hypogammaglobulinemia in patients with CLL and to correlate this 
deerease with (1) duration of disease, (2) type and amount of therapy, and 
(3) ineidenece and severity of infectious complications. 

Forty consecutive patients (Group A) with CLL were studied. All had 
been followed at the University of Kansas since diagnosis. Nineteen patients 
with chronic myelogenous leukemia and 7 with polycythemia vera (Group B) 
were also studied. 

Electrophoresis was by filter paper strip using Spinco apparatus and sean- 
ning with an Analytrol. Normal gamma globulin by this method is 16.5 per 
cent with a range of 12.1 to 20.9 per cent. Values less than 6 per cent were 
termed severe hypoganimaglobulinemia. 
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Twenty-eight or 70 per cent of the CLL patients had hypogammaglobuline- 
mia, the average having 8.2 per cent gamma globulin. Seven fell in the severe 
range and none had elevated gamma globulin. Of Group B, 3 (11.5 per cent) 
exhibited hypogammaglobulinemia and 3 had elevated gamma globulin. 


The average duration of disease from diagnosis to electrophoretic study 
in the 28 CLL patients with hypogammaglobulinemia was 40.4 months compared 
to 21.8 months in the 12 patients with normal gamma globulin levels. Repeat 
determinations at 4-month intervals in 12 cases were lower than the initial 
value in every instance. 


Treatment included steroids, urethane, TEM, P**, chlorambucil, and 
x-radiation. In general, the more lympholytie therapy received, the lower the 
gamma globulin levels obtained. Since amount of treatment was determined 
largely by disease duration, no valid conclusions could be reached. Three 
patients with hypogammaglobulinemia had received no treatment. 

Infectious complications in CLL requiring specific treatment occurred 
more frequently in patients with hypogammaglobulinemia. 

It is concluded that patients with chronic lymphatic leukemia have an 
increased incidence of hypogammaglobulinemia which correlates best with dura- 
tion of disease. No conclusion could be reached as to its relationship to therapy. 


Erratum 


In the article by Drs. Inwin J. Fox and Eart H. Woop entitled ‘‘Use of Methylene 
Blue as an Indicator for Arterial Dilution Curves in the Study of Heart Disease,’’ which 
appeared in the October issue, pages 598-612, the fifth and sixth lines in the second para- 
graph on page 598 should be transposed. 

The sentence should read as follows: ‘‘Evans blue dye (T-1824), the indicator 
commonly used, has the disadvantage of causing bluish discoloration of the skin and mucous 
membranes when given in doses exceeding approximately 0.5 mg. per kilogram! which, in 
addition to the cosmetic effect limiting the number of curves which may be performed, 
interferes with determination of blood oxygen saturation by oximetry and with the clinical 
evaluation of cyanosis, as, for example, after cardiac operation.’’ 


